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EXHIBITION JURIES. 


THE recent discord among the International Commissioners 
with regard to the system upon which the Chicago exhibits 
should be judged, throws a doubt upon the value of awards 
altogether, and leads us to suggest their abandonment where- 
ever possible ; the whole system of medals, certificates, and 
honourable mentions should be abolished, to give place to 
the merits of public opinion. By the very name and title, 
an “ exhibition ” is essentially a matter between the manu- 
facturer and the people, it calls for no immediate arbitrators, 
it rests upon no traditions, it includes no other factors, it is 
the one chance of all others for men to act and judge and 
see for themselves. We are now speaking entirely from 
commercial considerations, as we think that an analysis of 
the various motives which urge manufacturers to set their 
products on view will show that the element of patriotism 
counts for very little in these exhibitions. Before entering 
upon the undertaking a careful balance is made by the manu- 
facturer between the pros and cons, and it is simply a com- 
mercial enterprise of give and take. On the one hand there 
is the initial cost of goods, and the expenses of transit, in- 
stallation and maintenance; to which must be added the 
risks due to wear and tear, and the dangers, in the Chicago 
case, of fire ; finally, there is the cost of getting home with 
what remains. Against this manufacturers are supposed to 
set the glories of patriotism, the chances of advertisement, 
the hope of sales on the spot, and the superadded expectancy 
of a medal or not, as the case may be. 

Commercially-minded men are not necessarily patriotic, at 
any rate it is unfair to look solely to them to pay for the 
whole reputation of their country in this respect. Elimina- 
ting this factor from the problem, we see that the advertise- 
ment principle is the active material which urges them to 
enter the lists. Where then, we ask, do the juries come in ¢ 
The exhibitors appeal to the public : “ Here are our goods ; 
if they happen to be what you require, buy them!” The 
public have the opportunity of seeing the things with their 
own eyes, and if they are not entirely ignorant of their res- 
pective professions they surely are the people to decide the 
relative merits of what they purchase. An electrician, for 
instance, who cannot decide for himself as to what is or is 
not a good instrument when he sees it, and who takes the 
opinions of others solely, will probably not survive a second 
exhibition. What the buyer has to decide is not always 
“which is the very best thing in the market,” but “what is 
the best article that he can afford to buy.” It is not simply 
a matter of first cost, but it includes the more difficult con- 


‘sideration of depreciation on the original outlay—a factor 


which will be different for each case, and one upon which 
each purchaser must decide for himself. We admit that a 
jury may succeed in pointing out which is the one particular 
type, among many, which is the all-round best; but what 
they are ureh'e to say is which is the most economical, com- 
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mercially, in the various specific cases. They can only judge 
the thing per se, apart from its practical employment, and as 
such their information is apt to be misleading and pernicious ; 
the whole system of medals, certificates, and juries should, 
therefore, be discountenanced, and the public left to form 
their own opinions. Manufacturers would be content with 
the fact of the advertisement, except, perhaps, in the case of 
vendors of soaps and mustards, and other goods that require 
upholstering.. There is quite enough competition in the 
commercial world without the artificial devices of jury 
awards. 


According to the testimony of Mr. Conrad Cooke, the life 
of a juryman nominated by Commissions to attend at exhibi- 
tions is far from being a happy one. So that even from the 
view-point of the jurymen themselves, there is need for 
reform. Mr. Conrad Cooke was appointed at the end of 
March to attend as judge at the Chicago Exhibition, in the 
Electrical Section, at a probable allowance of not tess than 
£200 for expenses. He was told that he should be at Chicago 
by June 1st, and accordingly he made arrangements to be 
present there upon that date. The officials afterwards 
announced to him that the judges would meet for work in 
the middle of June, and that the sum of £150 would be 
assigned to each judge. Ultimately, the date was given a 
“forward lead” of another six weeks, the whole of 
which time was wasted. He points out that the 
duties of a judge thus required him to be on circuit 
for about eighteen weeks at a cost of at least £2 
aday. He wisely resigned his position after a few weeks, 
but he thereby forfeited the allowance for expenses. We 
heartily sympathise with Mr. Conrad Cooke, his letter to the 
Times is very moderately written, and certainly calls for some 
kind of explanation from the Chicago authorities. It is 
only another revelation to a long list of blunders. We 
suggest that the money which was to be expended upon 
medals should be handed to the jurors to cover their waiting 
expenses, together with the honourable mentions. For the 
future, exhibitions should be directed by organising com- 
mittees only in so far as relates to the inauguration and the 
questions of ways and means. There should be no jury, all 
matters of public opinion being left without bias, and 
without distinction, to the public themselves. Such a system 
would be of advantage alike to exhibitors and visitors. 


ELECTRICITY IN AGRICULTURAL 
OPERATIONS. 


In considering the application of electricity to agriculture, 
the general tendency of those who have approached the 
subject in recent papers has been to lay stress upon its 
importance as a source of mechanical power rather than as 
a stimulant to the growth of vegetation. This is under- 
standable, for all experiments in the latter direction have 
hitherto been more or less empyrical in character. More- 
over, that interest shouid centre about the use of electricity 
as a source of power in agricultural operations, is only a 
natural consequence of the great development of electrical 


transmission for other industries ; and it presents few diffi- 
culties that are really new. Probably the greatest difficulty 
is that of getting capital to meet the cost of experiments in 
designing the special machinery that would be necessary for 
such purposes as ploughing and harvesting, only one example 
of which we can call to mind, carried out in France some 
years ago; also to establish the power plants and lay down 
other necessary equipment. 

There are undoubtedly great opportunities for the electric 
motor in agricultural work, especially in the corn states of 
America, where there are immense areas nearly level, and 
presenting few impediments to the cultivation of the soil by 
power machines. The sole power now generally available to 
the western farmer is animal power, and this is felt to be 
subject to great limitations. A sign of the times may be 
recognised in the bill introduced by Senator Peffer at the last 
session of the American Congress, to provide for the estab- 
lishment of an agricultural power experiment station by the 
government, at which an effort might be made to determine 
the relative values of different motors. 


It is an open question whether the demand for specialised 
power machinery will ever be very great in this country ; but 
there are certainly large districts to be found in England 
where it might prove not only very convenient, but in all 
probability would effect a great economy. The initial 
expense is apt to be looked upon as rather a staggering 
item, and we cannot expect the burden of experiment to be 
undertaken even by the average well-to-do farmer (if he 
still exist). Such experiments should be fathered by agri- 
cultural societies, or by wealthy owners of wide acres, of 
which there are plenty to be found. 


The chief problem, as was pointed out by Mr. G. D. 
Shepardson, in the Year Book of the Society of Engineers, 
University of Minnesota, is the dragging of a plough, harrow, 
seeding-machine, reaper, or loaded waggon across a field in a 
straight line and back again. The electric motor seems par- 
ticularly adapted to such work, since it is simple, can exercise 
ample power without excessive weight, carries neither fuel 
nor water, and can easily be protected as to its few wearing parts 
from dust and weather. The writer names a number of farming 
operations in which such power machines might be successfully 
used, and then passes on to the consideration of what might be 
termed the incidental uses to which the electricity generated 
might be applied when once the power station had been esta- 
blished. He asserts that the adoption of electric lighting, 
apart from the increased convenience, so reduces the fire risk 
that the increased cost is more than compensated for. He 
advocates the employment of portable electric light plants, 
by means of which harvesting operations might be carried on 
at night with double gangs of men, and appears to speak 
with some authority as to the economies which might thereby 
be effected. 


The paper concludes with a review of those experiments 
on vegetation with static electricity, on the soil with current 
electricity, and on growing plants with electric illumination, 
which have been so much canvassed of late, and conclades— 
as we have always done—that further investigations of a 
more quantitative order are necessary before it can be deter- 
mined whether the action of electricity in these experiments 
is really beneficial to the crop, and whether the application of 
it can be effected with profit. 
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WE have it on the authority of the New 
vwwiware, York Electrical Engineer, that the first to 
use the metallic track, or rails, as the 
supply circuit in an electric railway, at any rate in America, 
was Mr. Gardner Quincy Colton, who exhibited a model rail- 
way in 1847. In the earlier part of his career Mr. Colton 
was @ peripatetic philosopher, and the model electric railway 
was part of his stock-in-trade. Similar models, but on the 
old system, were made by Mr. Davenport and were exhibited 
in New York, probably in the year 1837. Ten years later 
Mr. Moses G. Farmer designed his electric locomotive ; and in 
1851 Mr. Thomas Hall was the possessor of a model built on 
the Colton system. Colton was in the field four years before 
Hall. His locomotive was built by a model maker whose 
name was Lilly. It was quite a small locomotive, being only 
14 inches long and 5 inches wide, and was propelled by a 
“vibrating” motor supplied with current from four cells, 
via the rails. Behind were four cars of about the same size 
as the locomotive. The track consisted of a wooden ring, or 
felly, about 8 feet in diameter. The two rails were formed 
by thin bands of iron, fastened, one upon the exterior ring of 
the felly, and one upon the interior, both being bridged by 
the locomotive, the upper edges projecting far enough above 
the wood to receive the car wheels. The modei, was there- 
fore a precursor of that which was exhibited in the eighteen- 
eighties by Profs. Ayrton & Perry, except, of course, that the 
latter had a far more perfect scheme of stopping, starting, 
and blocking on the line of route, as well as an indicator 
map to show the exact position of a train, on any section, at 
the signal box. Mr. Gardner Quincy Colton was born at 
Vermont in 1814, and now, at the advanced age of 79, he 
practices daily the profession of dentistry. The Llectrical 
Engineer, New York, describes him as “the youngest of 
12 children,” and adds, curiously enough, “ some of whom 
have attained a greater age than himself.” His philosophy in 
his travelling days seems to have been somewhat mixed with 
art and medicine. Art was represented by a picture, the largest 
in America at the time, called the “Court of Death.” It 
was greatly due to this that he gained aliving. In addition, 
he lectured upon the properties of laughing gas, and, in 
dental circles in America, he appears to have gained notoriety 
owing to his partiality for this mirth-provoking anwsthetic ; 
and, strangely enough, he attributes his continued good 
health to the same lively cause. He says, “ I am inclined to 
think I shall owe ten years of my life to the good effects of 
the gas, for I inhale about 20 gallons every day in showing 
patients how to commence. The gas is just like air, only 
containing a little more oxygen. Oxygen is what gives life 
and vitality to the blood. We live on oxygen.” No doubt 
hilarity prolongeth life, but before giving the above method 
a trial we hesitate. Fiat experimentum in corpore vili. 


In dealing with alternate current prob- 
lems, it would be decidedly useful to have 


a name for the quantity p L or ox (where p is 2 x times the 


Nomenclature. 


frequency), which is measurable in ohms, and which so fre- 
quently occurs. We note that Dr. Sumpner in an article on 
“ Inductive Circuits,” in a contemporary, uses the term “ in- 
ductance” to represent this quantity. This seems rather an 
unfortunate name to employ, as it is already in use as syno- 
nomous with “ coefficient of self-induction,” to which it is, 
for brevity’s sake, preferable. 


A PRETTY picture labelled “ Electricity 
in the Home and Office,” is pourtrayed 
by Dr. Perrine, in a recent issue of the Engineering 
Magazine, which, though it is but a fancy study, done in the 
impressionist’s style, is evidently intended to be very 
Suggestive, if not to glow with actuality. The artist accepts 


A Fancy Sketch. 


an invitation to dine and spend an evening with an 
hospitable friend who is a veritable “ Monte-Cristo,”’—a 
wealthy “cit” whose home is a maze of electrical con- 
veniences, amongst which the uninitiated soon become lost 
in wonderment. Electricity is the ever ready slave of this 
establishment, and the host takes a pardonable pride in 
calling into action the various appliances at his command, 
whilst the artist makes thumb nail sketches as he goes along, 
from which to work up his study. The result, as we have 
said, is very pretty, and that is all. Leaving our metaphors, 
we submit that this kind of effort is misplaced, the fictionist 
has nothing todo with science, and in so far as he approaches 
it, he degrades it. Weak Jules Verneian vapourings deserve 
no encouragement—least of all from a journal presumably 
concerned with the solid technology of engineering. Their 
only tendency is harmful, since they veneer with the 
semblance of fact that which is for the most part mere 
imagining. 
WHILE experimenting on high frequency 
discharges in gases, W. H. Harvey and 
F. Hird met with a remarkable difference 
in the behaviour of positive and negative electricity which 
forms the subject of an illustrated note in the July number 
of the Philosophical Magazine. Their apparatus was 
arranged in the now well-known manner for obtaining 
oscillatory discharges of high potential and high frequency 
from the discharge of a condenser. The brush discharge in 
dry air, hydrogen, oxygen, and some other gases was obtained 
and carefully observed. From the observations .made it was 
concluded that, in a brush discharge in dry air, positive elec- 
tricity passes more readily than negative from a point to 
any neighbouring conductor ; in oxygen the same is the case, 
but in hydrogen the reverse holds, negative electricity passing 
more readily. To a certain extent these results are antici- 
pated by previous experiments, for it has long been known 
that positive brushes are somewhat stronger than negative 
brushes. The experiments, however, which are described, 
and especially the precautions which were found to be 
necessary to ensure success, are of an interesting character. 


_ Few manufactures can show such excel- 
a ‘he lent examples of applied science as that of 
beer, and this fact has always been, to our 

minds, inconsistent with the reluctance which so many 
brewers exhibit to supplant their system of gas illumination 
by the more rational system of electric lighting ; rational 
because the latter can communicate no contamination or ill 
flavour to the beer during its various stages of production, 
and can bring about no dangerous disturbance of tempera- 
ture at critical periods of fermentation, &c. In another 
direction, however, enterprise has recently been shown which 
is worth noting. At certain stages of the process of brewing 
it is necessary to know the amount of invert sugar which the 
liquor contains, and it is customary to determine this by 
means of a solution of copper, but it is rather difficult to 
estimate the amount of cuprous oxide which occurs, hence the 
following process has been devised by B. B. Ross. The 
oxide is precipitated in a beaker and washed with hot water 
on an asbestos filter, which is then, together with its contents, 
placed in nitric acid solution containing 4 cc. of acid of 
1°4 sp. gr. per 100 cc. The beaker is now filled with 200 cc. 
of this acid, electrodes are immersed in the liquid, and a cur- 
rent equivalent to 0°5—0°7 cc. of electrolytic gas per minute is 
passed. The anode is a flat spiral of platinum wire resting 
on the bottom of the beaker; the cathode, a platinum 
cylinder suspended vertically. The cuprous oxide will 
dissolve during the electrolysis, and need not be in solution 
before the circuit is closed. In eight hours the copper is 
completely deposited. 
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THE UTILISATION OF TOWN REFUSE FOR 
POWER PRODUCTION. 


By THOMAS TOMLINSON, B.E., Assoc.M.Inst.C.E. 


(Continued from page 120.) 


~ Prof. Forbes gives in the same lecture the composition of 
this Paddington refuse. 


Ovt oF Every 10,000 Tons. 


Tons 
Animal and vegetable refuse a .- 3,420 
Bran and pewter = 3 
Black glass... 23 


Mr. Jos. Russell, in a paper read before the Sanitary 
Institute on February 10th, 1892, gave the following 
analysis of the composition of average London ashbin 
refuse. (I have put it in the same form as that of Prof. 
Forbes, for convenience of comparison.) 


Out or Every 10,000 Tons. 


Tons, 
Breeze (cinders and ashes) ... a ... 6,369 
Vegetable, animal, and various mineral 
Waste paper ... 428 
Straw and fibrous material ... 
Coal and coke ... 84 
Broken g on 47 


I have given these two analyses as showing fairly well the 
composition of the ashbin refuse to which the figure 4 cwt. 
per annum per head of population applies. 

One can easily see from them how, in a very poor neigh- 
bourhood, the quantity would probably diminish by the 
decrease of coal burned per head, and by increased economy 
in its use, and how seriously a decrease in this item of coal 
consumption would affect the calorific value of the residue, 
especially if the quantity were made up to or above the 
4 cwt. per head per annum by the admixture of less burnable 
materials; and one sees how a figure two or three times as 
great as our average figure, or even as at West Derby 
(1..C.C. Report), nearly five times as great (19 cwt. per head 
per annum) cannot possibly be of this character, or be all 
made up of ashbin refuse. 

I adopt, then, provisionally, this figure of 4 cwt. per head 
per annum as the average yield of ashbin refuse in a town 
or district with a complete water carriage system of sewage, 
and with house-to-house collection of refuse at short intervals, 
and from a population of average wealth. 

If the quantity falls much below this, or rises much above 
it, I should question if its calorific value were not less than 
I shall afterwards assume that of this quantity per head 
per annum to be. 

Now, what is the value of this in power burned in a de- 
structor and raising steam ? 

The first place must be given to the theoretical determina- 
tion, which in a valuable paper read by Mr. G. Watson 
(Leeds), before the British iation (see Engineering, 
September 30th, 1892), is given so :—“ A calculation, based 
upon analyses of the products of combustion of Mr. Horsfall’s 
experimental furnace at Leeds, in 1888, and upon the specific 
heats and weights of the component gases, shows that with a 
boiler efficiency of 0°8, 1,192 lbs. of water at 32° F. can be 
converted into steam at 70 lbs. pressure per square inch by 
the combustion of } ton of ordinary ashbin refuse in one cell 
in one hour. Supposing an engine to consume 20 Ibs. of 
steam per indicated horse-power per hour, we have, theoreti- 
cally, from one cell on this system 59°6 indicated horse-power 
all the time it is working.” 


I propose, for convenience of comparison and reference, to 
give the results—theoretical, practical, and promises—in all 
cases in these forms :— 

1. I.H.P. hours per ton of ashbin refuse, taking 20 lbs. of 
water or 2 lbs. of coal per I.H.P. hour. 

2. I.H.P. continuously per cell, consuming 6 tons per 
day of 24 hours. 

3. Pounds of water evaporated per lb. of ashbin refuse. 

4, Evaporative value compared to coal at 10 lbs. of water 
per Ib. of coal. 

Tt will be readily seen that these figures are for the theo- 
retical estimation given above :— 


238°4 I.H.P. hours per ton burnt. 
59°6 I.H.P. continuously per cell. 
2°13 lbs. of water evaporated per Ib. of refuse. 
0°213 Evaporative value compared to coal. 
(If utilised under similar conditions.) 


Mr. Watson, however, goes on to say: “But at Oldham 
about +,ths of the total steam available is used in the steam 
blast,” and he proceeds to reduce his results by ygths in 
order to get at the net external power available. This 
reduces the results given above to :— 


134°0 I.H.P. hours per ton burnt. 
33°5 I.H.P. continuously per cell. 
1°2 lbs. of water evaporated per lb. of refuse. 
0°12 Evaporative value compared to coal. 
(If utilised under similar conditions.) 


Since the furnaces at Oldham attained a temperature of 
over 2,000° F., it would, I think, be more correct to assume 
that this temperature is sufficiently high and the consumption 
of steam for the steam jets sufficient, and that increased 
efficiency in steam production lies simply in the more perfect 
utilisation of the heat generated. 

To obtain the net external power available on this sup- 
position, we take the evaporation per cell per hour as before, 
1,192 lbs., and deduct from this the amount actually used 
in the steam jet to attain the temperature of 2,000° F., 
250 Ibs. per cell; this gives 942 lbs. per quarter ton burnt 
per hour, and leads to the following figures :— 


188°4 I.H.P. hours per ton burnt. 
47°1 I.H.P. continuously per cell. 
1°7 lbs. of water evaporated per Ib. 
0°17 Evaporative value compared to coal. 
(If utilised under similar conditions.) 


The correction is unimportant from the point of view 
taken in this paper, which is that of neither the expert in 
nor designer of destructors, looking towards possibilities of 
improvement, but simply the electrical or municipal engi- 
neer looking towards present attainable results ; but it appears 
necessary in view of the figure of evaporation said to be 
attained at Birmingham. To gravely quote an attained 
figure of evaporation, higher by 50 per cent. than your own 
maximum theoretical would be absurd, a small excess can 
be explained by errors of observation or differences in quality 
of the refuse. 

I have given for uniformity the evaporative value com- 
pared to ‘coal, but have added, “if utilised under similar 
conditions,” because I consider, as stated before, that utili- 
sation under similar conditions to those under which coal is 
used in a boiler is impossible, without impairing the value of 
the destructor as a destructor. 

Evidently based upon this (or a similar theoretical deter- 
mination) is that opinion of Prof. Forbes, enunciated in his 
Cantor Lectures before the Society of Arts, 1892. He says: 
“Now it will strike you, as it has struck me, as a very wise 

rovision of Nature, when I tell you that if that refuse (at 
addington) were properly burned, and if it were used in the 
most economical way, it would be found that (assuming the 
proportion of lighting required for such a population to be, 
as has been very generally assumed, one lamp per head) the 
amount of refuse provided by any population is almost 
exactly as much as is required to supply the illumination by 
means of the electric light to that same population.” 
Take population 10,000. 
Ashbin refuse ... 4 ewt. per head per annum. 
I.H.P..hours per ton of refuse ... 134. 

(I have taken the figure deduced by Mr. Watson rather 

than that one which I deduced, because this leads to Prof. 
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Forbes’s “almost exactly,” and as it preceded his Cantor 
Lectures, was probably that from which he worked). 
Then: total I.H.P. hours per annum 
= 10,000 x 134 = 268,000 LLH.P. hours. 

Now, with low tension direct current dynamos (which 
would alone be _pomey applicable, on account of necessity 
for storage), Mr. Crompton, M.Inst.C.E. (Min. Inst. C.E., 
Vol. cvi.), finds “a collective efficiency exceeding 85 per cent. 
of the power shown by the indicator dynamo when fully 
loaded, and 76 per cent. when half loaded.” We will there- 
fore take 80 per cent. as a fair round number. 

.. E.H.P. hours per annum = ee 
= 214,400. 
.. Watt hours per annum) _ 
(at central station) = 214,400 x 746 
= 159,942,400. 

Now according to Mr. Crompton (same paper), “There is 
therefore every reason to believe that the efficiency of the 
low pressure system of distribution, now being carried out 
in London, will reach an average of at least 90 per cent., 
and possibly will exceed that figure.” 


.. Watt hours (available? _ 159,942,400 x 90 
in lamps) ~ 100 


= 143,948,160. 
.. 8-candle-power lamp hours \ __ 148,948,260 
per annum - 30 
= 4,798,275. 
.. 8-candle-power lamp hours per annum per head 
of population = 480, say. 


From this, however, we must deduct the loss due to the 
storage which would be necessary. Taking this at 20 per 
cent. on three-quarters of the total, or 15 per cent., all 
round, we find 

8-candle-power lamp hours per annum per head of 
population = 400, say, 


which is about the average number of hours which every 8 
candle-power lamp installed is found to be used, giving an 
earning power of 8s, per annum on current sold at 8d. per unit. 

Prof. Forbes’s statement then, turns out, as was to be 
expected, to be the statement of a scientific fact, and would 
have been simply stated as such here ; but, unfortunately, 
it appears in Mr. Watson’s paper in this form: “ Prof. 
Forbes, however, early in the present year, dealt with the 
subject in one of his Cantor lectures, and also in a letter to 
the Press, in which he stated that burning at 2,000° F., the 
ashbin refuse of ~~ — was sufficient to give steam 
to furnish electric light at the rate of one lamp of 8 candle- 
power per head for two hours for every night of the year,” 
which at once transforms it into a statement of a practicall 
attainable result, since ashbin refuse can be burnt at 2,000° F. 
under present conditions. (Mr. Watson obtained an average 
of 2,019° F. with a minimum of 1,654° F. and a maximum 
of 2,346° F.) 

I have worked the matter out step by step to show beyond 
doubt that the practical bars to realisation which lay behind 
Prof. Forbes’s “ ifs” (both are strongly dwelt on in the same 
lecture) have not been allowed for. The first is the practical 
difficulty of combining an efficient destructor, with a boiler 
80 placed as to be economical : the reduction of our theoretical 
result due to this factor will, as we shall see later, be one-third 
to one-fourth. The second is the fact that in actual central 
station practice, electrical energy, as measured on the con- 
sumers’ meters, will cost in coal 10 lbs. per unit, where the 
actual plant could at full load give a unit for 3°3 Ibs. 
(corresponding to an I.H.P. for 2 Ibs., and an efficiency of 
80 per cent. from I.H.P. to E.H.P.): the reduction of our 
result one-third. There is a third bar: 

e excessive cost of such storage as would be necessary to 
utilise — the power developed. 

The final result, then, is that Prof. Forbes’s statement is 
true as the expression of a scientific possibility extremely 
remote (as it was clearly meant to be), but untrue—more 
than nine times untrue—as the expression of fact on which 
an engineer can calculate now. 


(To be continued. ) 


HEATING AND WORKING METALS BY 
ELECTRICITY. 


Many people believe that the cost of electric heat is 
enormous as compared with that of coal, oii or gas, and for 
this reason they are pre to maintain the impossibility 
of ever applying electricity to the economical generation of 
heat. Thus does history continue to repeat itself, and the 
ancient arguments used long ago, and still clung to by those 
whose interests were threatened by the development of elec- 
tric lighting, are now brought forward again to discourage 
the application of electric heating. History, however, will 
probably repeat itself in another way, for just as the cost of 
a lamp-hour has been steadily diminishing, and will fall yet 
lower, 80 we may reasonably expect that the electric heating 
will become commercially practicable. Already several in- 
ventors claim that their systems will compare favourably 
with the ordinary methods of producing heat, and Mr. G. D. 
Burton, of the Electrical Forging Company, produces an 
array of numerical data which appear to show that bars of 
metal may be heated and worked by electricity at a cheaper 
rate than by coal. The figures are vouched for by Mr. G. I. 
Harvey, a mechanical engineer, of Chicago. 

Mr. Burton’s system involves the use of an alternating 
current generator producing 1,600 volts and 24 ampéres. 
Every other core of the armature of this machine is un- 
wound. The current is transformed into one of low E.M.F. 
and great ampérage, both of which are varied according to 
the size of the piece of metal to be heated, by means of a 
rheostat, which controls the heat at the terminals of the 
secondaries of the transformer. No obstruction is intro- 
duced into the high tension circuit. The transformer pre- 
sents the following essential features:—About 800 Ibs. of 
soft iron wire compose the core; it is used in small pieces, 
breaking joints, and uninsulated. The primary coils are 12 
in number, and are connected to the dynamo current in 
series, each series in pairs, and each pair in multiple arc. 
The secondaries are composed of 12 copper spirals formed 
by casting ; one end is bolted to a copper ring, termed the 
negative pole, the other to a ring, also of copper, which acts 
as the positive pole; each weighs about 600 lbs. To these 
rings are bolted metal holders, between which the bar of 
metal to be heated is placed, thus completing the circuit 
between the two poles. 

If it is required to fuse a _ of metal, 15 inches long 
and 1 inch square, it can be brought to the fusing point in 
24 minutes, with an expenditure of 42 E.H.P. As soon as 
the piece is melted and falls from the metal holders, the 
circuit at the terminals is instantly broken, and all the load 
at the same instant removed from the generator, except what 
is required to overcome friction, which is less than 1 H.P., 
and this tekes place without changing any of the connec- 
tions. 

In a recent 


per, Mr. Burton enumerates the advantages 
which attend this system of heating and working metals by 
electricity. These may be epitomised as follows :—Economy 
in the use of the current, absolute control of current during 
heating, economy in time, labour, and fuel over any other 


method, cleanliness about the workshop, the evenness of heat 
within and around the entire bar, decreased loss by sealing, 
no danger. 

Amongst the results elicited by Mr. Harvey's tests of this 
process are :—1. The H.P. required to heat a cubic inch of 
material is independent of the length of the bar. 2. The 
H.P. required to heat a bar decreases very rapidly as the 
time of the heating isshortened. Of these, the first was an 
unexpected result, and the second is accounted for partly by 
the fact that the radiating surface remaining constant, less 
heat will be lost by radiation the quicker the bar is heated, 
and will, therefore, require a smaller “total heat or power” 
to bring a given bar to a white heat. This fact is of great 
practical value, as the rapidity of heating determines the 
value of the heating plant ; for if ten minutes were required 
to heat a bar in a forge, and but one by this system, nine- 
tenths of the total time is saved not only of the machine, but 
of the men. 

Mr. Harvey concludes by summarising the advantages pre- 
sented by this system, which will appeal to practical men, 
thus :— 

The electric heat, acting as it does from the inside, and 
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extending outward, heats a bar in a far superior manner to 
any external heating, even if the external heat is free from 
sulphur or dirt. The central core, if required, can be heated 
to a liquid state, and retains heat longer than if it is heated 
by an open fire. The electric method has the advantage that 
the heat can be applied while the bar is being forged. The 
iece is always in sight, and loss of work by burning would 
very rare, if not impossible. Pieces can be heated with- 
out removal from the anvil more than a few inches. The 
heat can be applied to just the part desired, and no other— 
a great saving in power. The loss of iron by oxidation is 
very slight, and is given at about 2°65 per cent. when bar is 
heated in air, and 1°65 per cent. when heated under some 
sage It must be obvious that a quick heat will cause 
ess oxidation than a longer one. The temperature can be 
regulated to any desired degree, and held at any point as long 
as practical working would call for. In tempering, bars can 
be brought up to a given predetermined heat, by setting the 
regulator in a certain position for the heating of a number of 
pieces, as long as the power remains constant. There are 
no working parts about the transformer, which should last 
for a long time without any repairs. The heating of a piece 
is even through its entire length, which is very difficult with 
ordinary heating processes, and would, for some work, be 
very valuable. 


CURRENTS FROM COMMERCIAL CIRCUITS 
FOR MEDICAL PURPOSES. 


An interesting series of articles on this subject has been 
appearing in the Hiectrical World, from the pens of several 
writers who have taken part in a controversy dealing with 
the question. The point raised at first was in a communica- 
tion by Dr. Waite, who stated that the use of the electric 
light current for medical purposes was attended with danger 
to the patient, this danger being due to accidental short 
circuits or crosses which might take place with the mains of 
the arc lights, the wires from which the medical currents were 
taken being incandescent circuits. Dr. W. H. Hutchinson 
argues that a 1 ampére fuse wire and a lamp of low amperage 
in circuit would effectually avoid all danger. Mr. G. 8. 
Dunn considers that although the danger is extremely 
remote, yet it is present under certain conditions, and is not 
removed by the above means. Suppose, during cauterisation 
of the nostril by current taken through a lamp from an 
overhead two-wire ungrounded incandescent system, the 

tient is seated in an iron chair such as dentists use, which 
y proximity to running water, a nail or moisture in the 
floor, or other cause, is grounded. 

A cross with a high-tension circuit in the street under 
these circumstances would, if it did not kill the patient, at 
least give a very severe and dangerous shock. This would 
occur also in a three-wire system, in which the neutral was 
not grounded. 

In.a system of magnitude, however, in which the neutral 
or one side of the circuit is connected with the ground, the 
danger is absent, since the high-tension current can get to 
the ground without going through the patient, even if it has 
first to. pass from the ungrounded to the grounded side of 
the system through the lamps. 

Absolute protection may be secured, however, it is 
suggested, in every case, by the insertion between the circuit 
which comes from the street and the circuit which goes to 
the patient of a direct current transformer. This renders 
the two circuits entirely distinct and separate from each 
other ; so much so, that a 1,000 volt alternating current, 
which is fatal, could be crossed with the lighting circuit 
without the patient or the physician knowing it. 

Mr. W. Connell is of the opinion that a patient may 
receive a dangerous shock while under electro-medical treat- 
ment, with a current from a commercial circuit, on account 
of across with an arc og or other high tension wire, as 
although the patient may be protected by a fuse or circuit 
breaker, this would last just long enough, even if but the 
fractional part of a second, for the patient to receive a 
dangerous shock, and he suggests that a motor be run off 
the commercial circuit, which motor should drive a dynamo 


to furnish the required medical current, an arrangement, 
which would certainly be effectual thongh a little indirect. 

Dr. H. F. Waite, in returning to the question and in reply 
to Dr. Hutchinson, says that “if a doctor is removing a hair 
(in which case he would not use more than 2 milliamperes) 
and a 2,000-volt wire crosses the 110-volt circuit, the 
patient is killed and the fuse isnot burned out, for the reason 
that there would be a resistance of 55,000 ohms in the cir- 
cuit, as to burn out the I-ampere fuse it. would require 
55,000 volts. Again, supposing that a doctor is using 250 
milliamperes at 110 volts and his fuse is set to burn out at 
500 milliamperes, the electromotive force will have to rise 
to 220 before the fuse will burn out. And right here I want 
to call attention to the following very important fact which 
has been overlooked in all replies ; while the increase to 220 
volts of itself might not do any harm, the shock at the 
break of the circuit would in many cases cause nervous 
prostration.” 


A NEW DETERMINATION OF THE 
MECHANICAL EQUIVALENT OF HEAT. 


By ROLLO APPLEYARD. 


Me. E..H. Grirrirus, M.A., assistant-lecturer at Sussex 
College, Cambridge, recently concluded a most elaborate series 
of experiments for the purpose of establishing the relation 
between electrical and mechanical units, by a re-determination 
of Joule’s equivalent. In addition, he has made a careful 
investigation of the capacity for heat of water at different 
temperatures. These researches form a most important ad- 
dition to physical knowledge, for apart from the utility of 
the mere results, there is incidental information of the 
highest value. They represent five years of laborious devo- 
tion to a great pu . An account of the experiments is 
given in Vol. 184 (1893), A. pp. 361—504, of the Philoso- 
phical Transactions of the Royal Society, in the form of a 
communication by Mr. R. T. Glazebrook, F.R.S., and should 
be regarded as the joint work of Mr. E. H. Griffiths and 
Mr. G. M. Clark. 

The classic determinations of the mechanical equivalent 
by Joule, differed amongst themselves to the extent of 1 per 
cent. The results of Rowland, in 1880, were wonderfully 
close in agreement with one another, but there are several 
reasons why they could not be confidently accepted as in any 
way final. In the first place, Rowland’s methods of investi- 
gation were, throughout, unaltered, so that his results stood 
in need of a check ; and again, he worked upon the assump- 
tion that the specific heat of water diminishes as the 
temperature rises from 0° to 30° C. It has been the object 
of Mr. Griffiths to eliminate, as far as possible, every source 
of error by arranging his experiments in various ways 80 as 
to check and counter-check ; and in addition, he includes in 
his work the investigation of the variation of the specific 
heat of water at different temperatures. It was pointed out 
by Rowland, that in experiments depending upon the heating 
of a wire in a liquid, the temperature of the wire must 
always be higher than that of the water surrounding it, and 
that errors might arise from this cause ; it was, however, left 
to Mr. Griffiths to overcome the difficulty, and so to remove 
from the electrical investigation of the mechanical equivalent, 
a serious objection. In view of the uncertainty which yet pre- 
vails among thermal units, Mr. Griffiths takes as his standard 
the quantity of heat required to raise unit mass of water 
through 1° C. of the air thermometer at 15° C. (d.e., from 
14°5° to 15°5° C.), so that he assumes the specific heat of 
water to be unity at 15° C. As regards the measurement of 
temperature, Mr. Griffiths speaks in high favour of the 
platinum thermometer, and his researches establish their 
accuracy to the thousandth of a Centigrade degree. be 
have the drawback, however, that they cannot be at all 
times visible. Considerations of the amount of dependence 
to be placed upon these thermometers, and the insidious 
variations of alloys, led the experimenters to choose platinum 
as the metal of which to form the heating coil in the J de- 
terminations. The calorimeter was suspended by glass tubes 
in an air-tight chamber of steel, whose walls were kept at a 
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constant temperature. The pressure of the dry air in this 
chamber was reduced to under ‘5 mm. The water in 
the calorimeter was stirred at a very rapid rate through- 
out the experiments, and the rate of rise of temperature 
(d6 | dt) was ascertained at all parts of the range, 14° to 
26° C.; firstly, when the work was done by the stirrer only ; 
secondly, when the rise was due to both the electrical and 
the mechanical supply of heat. By the particular method of 
investigation employed, the water equivalent of the calori- 
meter, &c., had not to be calculated. The masses of water 
used during the experiments varied in the ratio of about 
1 to 3, and the difference of potential at the ends of the coil 
was so altered that the heat developed by the current was 
changed in the proportion of 1 to 9. 


Fia. 1. 


The method by which the ends of the calorimeter heating 


coil (A, B) were maintained at constant difference of potential - 


is shown above. The current from the storage cells, s, is 
regulated by the adjustable resistance, K, until there is no 
current in the circuit, 4, G,c, B. The battery, 0, consists of 
Clark cells; G is a very sensitive galvanometer. 
_ Great difficulties were encountered in the matter of 
stirring. The work done by the stirrer represented some- 
thing like one-tenth of the total heat supplied to the calori- 
meter. The accurate measurement of this heat of stirring 
is obligatory, and extreme care had to be used in the design 
of the stirrer, in order to insure that the water was thoroughly 
brought into contact with the various surfaces. Much time 
and attention was given to this part of the experiment, and 
the law was at last established that, with the particular device 
here used, the work done varied directly as 7°, r being the 
rate of rotation of the stirrer. 

The calorimeter was of cylindrical form, and was made of 
“gilding metal.” It weighed about 750 grms. The internal 
diameter and depth were each 8 cms. Its capacity, there- 
fore, was about 400 cc. These dimensions will appear too 
small for the weight ; but they were decided upon after a 
thorough investigation of the best conditions. 

The calorimeter was placed within a steel chamber, con- 
structed with extreme precision by Messrs. Whitworth & Co. 
This steel chamber really constituted an enormous ther- 
mometer bulb, the mercury of which was made to actuate an 
automatic regulator for maintaining the temperature of the 
steel walls constant. The pressure of the air space between 
the calorimeter and its steel jacket was measured by a gauge 
designed by Prof. McLeod, F.R.S. The various devices for 
regulation of temperature are most ingenious, and ought to 
be very valuable aids to future experimenters. 

The rheostat used above was of special form, intended to 
overcome the dangers of unreliable contacts. It is a mercury 
and platinum wire resistance, in which the unsatisfactory 
contact, which generally occurs between Pt and Hg sur- 
faces, due to air films, is corrected by arranging the rheostat 
in vacuo. The mercury, in fact, is contained in a barometer 
tube, down the middle of which runs the Pt wire. The 
height of the mercury can be easily adjusted by varying the 
position of an open mercury tube, in which the barometer 
tube slides. Two such rheostats were placed side by side, 
and were connected in parallel, so that by moving one tube 
only, very fine adjustment was possible. The resistance of 
one of the wires was about 6 ohms per foot, and that of the 
other 1°7 ohms per foot. The barometer tubes were about 
7 feet long, and the containing tubes 34 feet long. 

A short description is given of the way. in which the 
Clark cells were made. :A very satisfactory process seems to 


be to boil the zincic sulphate solution with Zn 0, allowing 
it to cool to 30° C., when it is filtered, keeping it at 30°. A 
small quantity of Hg, SO, paste is added to the solution, 
which forms a black p.p. ‘The filtrate is again warmed and 
filtered at 30°. Cells made with this solution appeared to 
settle down to their final E.M.F. immediately after their 
manufacture ; those made otherwise require some time to 
get steady. The E.M.F. of these cells may be taken as 


14344 {1 + -00077 (15 — volts. 


The choice of a material for the wire of heating-coil was 
made after a long series of tests on various metals and alloys, 
which resulted in the adoption of a platinum wire of about 
8°5 ohms. This was coated with amber varnish, a substance 
which is said to be invaluable for the purpose. Some idea 
of the method of measuring the resistance of this wire may 
be gathered from fig. 2. 


The key is a very convenient one. The ends of a and 3, 
and also of e and /, are connected with the galvanometer 
circuit ; the ends of ¢ and d, with the battery. The screw 
at a is so arranged that when the key is untouched, the gal- 
vanometer circuit is completed. The position of the spot 
at any time is therefore due to the influence of any E.M.F. 
in the circuit exterior to the battery circuit. Thus the spot 
can be placed in a convenient position by the control 
magnet, although a perceptible current is passing through 
the galvanometer. When H is sharply pressed down, 
the connection at a is first broken; then the battery 
circuit is established, by ¢ end d, and the galvanometer 
circuit by e and f (thé projecting blocks on } and d are iusu- 
lators). By proper adjustment of the key, the whole operation, 
performed by one movement, is accomplished in a small 
fraction of time. Thus the observed swing is due to the 
difference of potential caused by the battery and bridge, and 
is independent of any electro-thermal effects. Tig. 2, shows 
how the Clark cell circuit is arranged. The rheostat, Kk, is 
adjusted till there is no current in G,. No difficulty was ex- 
perienced in working the two galvanometers. The arms of the 
bridge were of stout Geiman silver wire. The currents were 
reversed at regular intervals. 

The results may be briefly recorded as follows :—Assuming 


‘the unit of resistance as defined by the “ B.A. report,” of 


1892, and that the E.M.F. of the Cavendish Standard Clark 
cell at 15° C = 1°4342 volts; and taking the thermal unit 


‘to be the quantity of heat required to raise 1 grm. of water 


through 1° C. at 15° C. The most probable value of 
J = 4°1940 x 10’. 


This, by reduction, gives the following :— 
J = 427°45 kilogrammetres in latitude of Gréenwich 
(g = 981°17). 
J = 1402-2 foot-lbs. per thermal unit, C, in latitude 
of Greenwich. 
J = 778 99 foot-lbs. per thermal unit, I’, in latitude 
ios of ‘Greenwich. 
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ELECTRICAL CURRENTS OF HIGH FRE- 
QUENCY. 


By E. C. RIMINGTON. 


IN a letter to the Review which appeared in the number of 
July 7th, I made some remarks on Mr. Campbell Swinton’s 
experiment of lighting a 5 C.P. 100 volt lamp by attaching 
one end of the filament to one terminal of the secondary of a 
Tesla transformer, the other end of the filament being earthed, 
and remarked that the explanation of the lamp having a 
very much higher resistance due to the high frequency, and 
therefore taking a very much smaller current than its normal 
one, seemed to be hardly satisfactory. 

I propose in this article to consider the subject more 
thoroughly. 

As the lamp can be lit in this manner through the body, 
the current taken by it must be much less than its normal 
one (*2 a.), unless the human system can stand a very much 
larger current through it at a higher frequency than it is able to 
endure in the case of a steady current. Since it is reasonable 
to suppose that the lamp consumes the same power when 
giving its full candle power whether the current be reduced 
or not, if the power supplied to the lamp be due to the cur- 
rent overcoming the resistance, c? R must be constant, so 
that if the current be reduced to 75th (say) of the value for 
a steady current, the resistance of the lamp would have to 
be 100 times its resistance to a steady current. 

Lord Kelvin in the appendix to his presidential address to 
the Institute of Electrical Engineers, delivered January 10th, 
1889 (vide Journal Inst. Elec. Eng., Vol. xviii., page 35), 
gives a table for the ratio of the resistance of a straight 
conductor to alternating currents of frequency n to the re- 
sistance of the same for steady currents. This table I have 
plotted in the diagram here given. The ordinates represent 


VALUES OF FREQUENCY FOR A 5 C.P. 100 vy. Lamp. 


The abscissw are values of , where 


2n 
p= (22/2 
o being the specific resistance in C.G.S. units of the material, 
and a the radius in cms. 
n is the frequency. 
If Rs represents the resistance of the conductor to steady 
currents expressed in C.G.S. units, and / its length. 


In the case of a glow lamp of course the conductor or 
filament is not straight but takes the form of a horse-shoe ; 


it will not, however, introduce any very large error if it be 
considered as straight. The resistunce, when hot, of a 5 C,P, 


100 volt lamp is about 500%; I do not quite know the 
length of the filament, but it is somewhere about 12 cms. 
Taking these values we have :— 


1918 


= x x 
or frequency 


I have marked the values of the frequency for the 5 C.P. 
lamp above the values of p. It will be seen that they are 
very large ; to make the resistance of the lamp double for 
the alternating current to what it is for the steady current 
requires a frequency of about 4 x 10'°, or forty thousand 
millions. 

Now, as to the probable frequency Mr. Swinton obtains. 
The problem is a very complicated one, and its solution can 
be only very roughly obtained. ‘The number, 400,000, which 
I gave in wy letter was what it would be roughly if the 
effects of the secondary were completely neglected, and we 
simply consider the Leyden jars discharging through the 
primary. ‘To consider the problem more closely, we have a 
condenser discharging through the primary of an induction 
coil, the secondary being joined through the resiztance of the 
lamp to what amounts to another condenser, viz.: the 
capacity between earth and the free terminal of the secondary, 
while the whole will be complicated by various brush dis- 
charges which are taking place more or less all over the 
apparatus from those parts not covered by oil, there is also 
the capacity of the coils themselves. Not snowing what 
these latter quantities are, let us take the case of a con- 
denser discharging through a primary coil, the ends of the 
secondary being connected to another condenser. 

Let R be the resistance of the primary. 

L its inductance. 
K the capacity of the condenser discharging through it. 
¢, the current through it at some instant, ¢. 
' g, the charge in the condenser at the same instant. 
r, N, k, ¢g, and qd, be the corresponding quantities for 
the secondary. 
M be the mutual inductance of the primary and 


secondary. 
Then we have the equativus :— 
dc, 
L - M — = 0 1 
ut “de K (1) 
bey dey Yo 
N +M +ra+—=0 (2) 
at at 
Also = and ¢, = dq 
at dt 


When t=0,4, = = 0,9, =%&@%=9, 


g being the initial charge in the condenser which discharges 
through the primary. 

Substitute in (1) and (2) for ¢,and ¢, in terms of g, and 9». 
Then differentiate (1) and multiply it by m; differentiate (2) 
and multiply by L; then subtract ; giving :— 


d® q, d? q dg, dq 
— 


Multiply (2) by k and add to (3), obtaining :— 
ad* d? L\ d 
(UN — + (Lr + NR) zt (nr + i) 
Mdq 
(4) 


Differentiate (4); multiply (2) by : and add, we obtain 


d* _,L  N\ a? q@& 
t Gr (ert Ete) Ge 
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Obviously from symmetry the equation for 9g, will be 
identical. 

Making & = 0 the same as having no secondary, equation 
(5) reduces to 
d? q dq 1 
det® 
this being the well known equation to the ordinary case of a 
condenser discharging through a conductor possessing in- 
ductance. Making k = o, equivalent to short circuiting 
the secondary equation (5) becomes 


L 


d?q N\ dq 
(LN + Gr + (er 


+ (; + =) q= 0. 

Equation (5) is a linear differential equation of the fourth 
order, and, to solve it, it would be necessary to solve an 
auxiliary biquadratic equation. By assuming no magnetic 
leakage, or LN = M’, it reduces to the linear differential 
equation of the third order, viz. :— 


a3 q L N\ R r\ dq 


1 
= 0. (6) 


To solve (6), it will be necessary to solve the auxiliary 
cnbic equation 


& K m? + _K. 
Lr+NR Lr+NR Kk (ur +NR) 
= 0. (7) 


If m,, m,, and m, are the three roots of this auxiliary 
equation 


ae’ Be™'+ a, B, and C being constants. 

If the discharge is to be oscillatory, this equation must 
have one real root and an imaginary pair of roots ; also since 
the terms are all positive, the real root will be negative. It 
will now be advisable to digress and consider the solution of 
a cubic equation, when it is known that there must be an 
imaginary pair of roots. 

Let the cubic equation be 


and suppose the roots to be a and B+ y Vv — }. 


Now it is known from the properties of equations (see 
“Todhunter’s Theory of Equations,” page 29), that the co- 
efficient of the second term with its sign changed is equal to 
the sum of the roots ; and the coefficient of the fourth term 
with its sign changed is equal to the sum of the products 
of every three of the roots. 


Hence uo+2B=—a 
and 
a 


So that in any cubic equation having an imaginary pair 
of roots, if we can determine the real root a, we obtain from 
the above the imaginary pair while the value for g is 

t v-1 - —1) 
ewan ee” yv-1)t 
and this can be written, as is well known, 
q= act’ + (osinyt + Ecos yt) 
y will equal 2 # times the frequency, so that to get the 


frequency of the discharge it is only necessary to obtain y. 
Let us now consider the figures for Mr. Swinton’s coil : 


L = ‘00002 henry xk = 1'2 x 10~ farad. 
N= 0023, k= 10” 

R = ‘043 ohm 

r= 


516 ohms (with lamp in circuit). 


I have roughly calculated these figures from dimensions 
and number of turns used. 


The resistances are the values from Kelvin’s formula for 


a frequency of about half a million. The value of & is very 
doubtful, so I have taken 10~”, considerably in excess of what 
it would appear to be, so as to allow for the increase of 
capacity due to brush discharges, and also that due to the 
coils. 


From the above figures 
Lr+NR = ‘0104 


L N 
Rr + Rt = 3925 x 10°, 


R47 = 434 x 10 
k K 
1 
= x 10". 
kK 
Substituting these figures in equation (7), we have 
*Q95 5 10 17 
ms + 3925X10° 49 34x10", 8°333x10" _ 
1°04 x 1°04 x 1°04 x 1U~* 
+ 3°75 x 107 m? + 4:16 x 10% m+ 8 x 10° =0. 
Let m= 10' 
then + 3752? + “0416 + 08 = 0. 


The approximate real root may be obtained quickly thus : 
It is evidently negative and as far as its numerical value is 
concerned we may write, 

a (a? + *0416) = 3°75 (a? + *0213) 
“02138 

"375 + 1 + 


Now z will not differ much from 3°75. Hence we may 
write 


‘0213 “0416 
== 3°75 (1 z? ) approx. 
= $75 (1 = $75 (1 
3°75" 
= 3°7446 very nearly exactly. 
= — 3°7446. 
‘ “08 ‘ 
and y? = ———— — :0027? 
37446 
= 02136 — -0000073 
= °02135 
*146. 
"146 x 107 


Hence the frequency = = 
= 7 
= 2°32 x 10° 
= 232,000 roughly. 
If there be no secondary, and the Leyden jars discharge 
through the primary, as is well known, the frequency 


KL 
which is practically equal to 
1 1 


ze VY KL 
in the present case, 


] 1 

or frequency = x *x 2 x = 326,000. 

As regards the effect of energy radiated from the coil into 
space, it is known that the effect of this radiated energy may 
be allowed for by assuming no energy radiated but the 
resistance of the coil to be increased by a certain amount; 
now any increase in resistance of the primary has the effect 
of lowering the frequency. Again, under the comparatively 
simple conditions taken, the effect of the secondary and lamp 
is to diminish the frequency from 326,000 to 232,000. As 
regards the effect of magnetic leakage, which was assumed to 
be nil in the above investigation, and the complications 
previously mentioned arising from capacity of the coils 
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themselves and the brush discharges, of course it is possible 
that they may increase the frequency, but it hardly seems 
possible that the frequency could be increased by these effects 
up to 19°5 x 101, and this will be seen by reference to the 
curve to be the frequency necessary to increase the resistance 
of the lamp to four times its normal amount, in which case 
the current would be half its steady value or ‘1 a. It seems, 
probably, that the frequency is of the order millions, or, 
even less; this makes it necessary to look for some 
other cause for the incandescence of the filament than the 
heating effect of the current overcoming electric resistance, 
possibly molecular bombardment as suggested by Tesla. 


ELECTRICAL ENGINEERING AT THE 
WORLD’S FAIR. 


[FROM OUR SPECIAL COMMISSIONER. ] 


V. 
Exectric WELDING, HEATING, AND COOKING. 


Tur Thomson Electric Welding Company are the only ex- 
hibitors of electric welding processes, and these processes are 
very fully demonstrated by them; they own both the arc 
system of electric welding and the incandescent system, the 
arc system being a Russian invention, but the American 
patents belonging to the Thomson Electric Welding Com- 
pany. The arc system of working metals by electricity has 
proved to be superior to any other method for the longi- 
tudinal welding of tubes of large size, fitting for the same 
thin plates and a great variety of other work, which the in- 
candescent system failed to perform. In cutting through 
heavy sections of metal, the arc is specially useful ; drawing 
the arc along the desired line is all that is required, the metal 
fusing right through before the arc. 


Brazing joints and flanges is carried out by the arc system 


with great success. 
For the incandescent process of welding, the Thomson 
Company show many different machines. Fig. 1 is a small 


machine called a direct welder, the current is taken direct 
from the dynamo and used on the small machine fixed on the 


Another use of great importance to iron and brass founders 
is the fusing in of small pieces of metal to fill up blown holes 
or other defects in castings; this process is much cheaper, 
und makes very superior work compared with the older plans 
of burring on by running in a large quantity of hot metal. 
The are system will find many such applications. 

The apparatus required to work this arc system is very 
simple. A flexible conductor carries a carbon rod which 


‘forms one pole, the metal to be operated on forms the other 


pole; a moderate current does the work, 10 to 40 ampéres, 
and the ordinary pressure of the street mains is sufficient. 


table over the dynamo, the current alternating, as it is easier 
to collect than a continuous current ; a great variety of small 
welds can be made with this machine. 

Fig. 2 is a late form of welder with every improvement. 
It has a transformer to supply the large currents required. 

The Burton heater for electric railway and tramway cals 
has been adopted to some extent. Fig. 3 is the form of this 
heater for the purpose. It consists of two corrugated iron 
castings holding, in a space between them, the resistance wire 
embedded in fireclay powder, which protects the resistance 
wires from oxidation. 
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These heaters require 3 ampéres on a 500-volt circuit ; the 
expense is calculated at about 4d. per car per day. Two 
H.P. per day is absorbed in the heaters in one car. 

The General Electric Company, of Queen Victoria Street, 
London, have the best display of domestic electric heating 
apparatus. Unfortunately, it is not shown in operation, 


3. 


whereas the American Electric Heating Corporation show 
the whole thing at work—cooking in all forms, roasting, 
boiling, &c., also heaters for rooms. The following seventeen 
facts put electric cooking and heating in all their different 
phases :— 


Seventeen Facts. 


The economy of electric current is found in the rule— 
Turn it off when you cease to need it. 

As this rule is observed, it is cheaper or dearer than coal. 

Piling on fuel is the last act on leaving a coal stove, that 
there may be a fire when you return ! 

The electric current may be turned off—certain of imme- 
diate heat as soon as turned on. 

The current, as fuel, requires no storage bin, no kindling, 
no delay in obtaining heat. 

You buy current at a fixed rate, as needed. You pay for 
coal in advance and at varying prices. 

No carrying of coal or ashes, no kindling of fires renders 
miserable the lives of those who use the electric current for 
fuel. 

A range requires as much coal to boil a pot of tea as it 
does to cook a dinner. 

The electric current used is just sufficient to accomplish 
the purpose desired ; no more—hence the economy. 

In summer directly the meal is cooked the current may be 
turned off. Coal may take hours to burn itself out, roasting 
you while making you pay for what you do not need. 

Meat roasted in an electric oven will retain to a much 
greater extent its juices, and will weigh 15 per cent. more 
than if cooked in a coal range. 

There is absolutely no odour or foreign taste in meats 
broiled or roasted by electric energy. 

As compared with coal, the current saves to the careful, 
money, time, room and labour, as well as much wear and tear 
of mind. 

The electric stove is never late; water boils in four 
minutes ; a cup of coffee is quickly made ; economy takes 
the place of waste, and housekeeping becomes a luxury. 

If Bridget leaves, we still exist. 

No exhibit of the induction method of heating is made 
ere. 

The Electrical Forging Company, of Boston, show the 
heating of large bars of iron, steel, and other metals by 
passing heavy currents through them. There is not much 
novelty about the heating of bars of metal by electric cur- 
rent, nor in the apparatus employed ; the heavy currents are 
obtained from a transformer. 

With 100 horse-power a bar of iron or steel 3 feet long 
and 3 inches in diameter is heated its whole length toa white 
heat in 10 minutes. ‘This exhibit attracts attention from the 
crowd, as the heating has a mysterious appearance, and 


glowing metals present quite an interesting spectacular 
impression. 


THE GAS LIGHT AND COKE COMPANY AND 
THE ELECTRIC LIGHT. 


enoring the adoption of the report of the above company at the 
re t-yearly general meeting on. August 4th, Col. Makins, the 
—. said their law and parliamentary expenses had Leen some- 

heavy as several matters had been before the legislature affecting 


them, but they had got almost all they wanted, and a clause would be 
putin the Electric Powers Bill to protect gas and water mains from 
any injury by reason of electric tram undertakings. £800 of their 
expenditure was caused by their old friend Mr. Preece, who calmly 
proposed that the whole of the gas and water mains could be made 
available for the return current of electric and other motive com- 
panies. He said the alternating currents would not affect gas and 
water pipes, while continuous currents would, but that the disturbing 
elements could be much reduced by placing the whole water and gas 
system in conjunction with the return system. They, however, 
before the select committee, opposed such a scheme, with the result 
that it was blown in the air, and they had got the protection they 
required. The quantity of gas sold by the company, during the half- 
year, showed a decrease of 2°8 per cent., which, however, was 
entirely due to the warm temperature. Some thought the competi- 
tion of the electric light bad something to do with that, but in order 
to dispose of that notion, he had had the figures he gave them in 
1891, with reference to the effect the consumption of electric light 
had on them, brought down to the present date. He gave them 83 
customers of all kinds—public buildings, hospitals, banks, railways, 
clubs and big commercial establishments. In 1891, he showed them 
the introduction of the electric light had had little effect on them, 
and that day he was happy to be able to inform them that small as 
that effect was in 1891, in 1892 it had become beautifully less, for, 
whereas, their rental decreased in 1889 to 1891 by reason of the 
introduction of the electric light from £91,363 to £87,847, in 1893 that 
rental had not only gone back to £91,363, but had increased to £99,902. 
So that in spite of two years more of electric light in the Strand, 
Pall Mall, &c., district, where it was mostly used, they were 10 per 
cent. better off. From railway companies their receipts had increased 
from £16,600 in 1891 to £24,724 in 1893; in banks it had dropped 
some £300; in hotels and clubs there was a similar small drop, but when 
they came to large shops and establishments, the consumption had 
gone up from £13,474 to £16,773. Those figures were calculated on 
the basis of the same prices. He thought, then, they could dismiss 
the electric “ bogey ” until it was freshly developed. 


CATAPHORESIS. 


By Pror. EDWIN J. HOUSTON, Philadelphia, Pa. 


By cataphoresis is meant the introduction of drugs or medicaments 
into the human body by means of the electric current. 

Cataphoresis is dependent for its operation on cataphoric action or 
electric osmose ; or, as the latter is, perhaps, more frequently called, 
electric endosmose. 

Cataphoric action, Porret’s phenomenon, electric endosmose, elec- 
tro-capillary phenomenon, electro-vection, and electro-filtration, are 
sometimes used as synonymous tcrms. 

Since cataphoresis or cataphoric action appears to be a modified 
variety of osmose, it may be well, before inquiring into the pecu- 
liarities of electric osmose, briefly to review the principal phenomena 
of simple or ordinary osmose. 

By osmose, as the term is employed in physics, is meant the un- 
equal diffusion or admixture of two liquids of different densities, 
through the pores of a thin wall or septum, separating the liquids 
from each other; two currents are thus established, each liquid tend- 
ing to flow towards and mix with the other. These two currents are 
unequal in strength; the flow through the pores of the separating 
wall or septum towards one of the liquids being greater than it is 
towards the other. 

There results, therefore, a tendency to produce a difference of 
level in the two adjoining liquids; so that if, as is generally the case, 
the two liquids are at the same level at the start, there is soon pro- 
duced a higher level in that liquid towards which the greater flow is 
directed. 

The phenomena of osmose were first studied by means of a bladder 
filled with a saline solution, and fitted with a vertical glass tube. 
The bladder was plunged into a vessel filled with pure water. Under 
these circumstances two currents were established ; one through the 
walls of the bladder from the water outside of it towards the saline 
solution it contained, and the other from the solution inside the 
bladder towards the water outside it. 

The inequality in the strength of the two currents thus established 
is shown by the fact that the liquid mounts toa higher level in the 
tube than in the outer vessel. 

The current flowing from outside the bladder inwards was formerly 
called the endosmctic current, and that flowing from within the 
bladder outwards, the exosmotic current. 

It was soon evident, however, that these terms lacked any real dis- 
tinctive character, since if the saline solution be placed in the outer 
vessel, and the pure water in the bladder, the direction of the endos- 
motic and exosmotic currents is reversed. 

In order to avoid this difficulty it is now generally agreed to call 
the endosmotic current that current which is directed towards the 
higher level, and the exosmotic current that current which is directed 
towards the lower level. 

The phenomena are, however, by some designated by the simple 
term osmosis, or by still others diosmosis. 

Becquerel has pointed out the fact that as soon as a difference of 
level has been produced by the action of osmose, a filtration ensues 

through the separating wall or diaphragm from the higher towards 
the lower level. 

M. Becquerel, on pp. 50—52 of the Comptes Rendus, of July 8th, 
1872, says, as regards the excsmotic current; “ We have now some 
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conception of the possible origin of exosmose; it is due partly to 
diffusion and partly to the filtration resulting from the pressure of 
the column of liquid resulting from endosmose. I conceive that it 
was hardly sensible in the experiments of Graham, who operated 
with large surfaces affording but little elevation to the liquid 
columns resulting from the endosmose. Dutrochet was right in 
saying that exosmose transports more of salts than endosmose, as 
exosmose results partly from pressure, which causes the liquid to 
filter through with the salt which it holds in solution.” 

The phenomena of osmose have been carefully studied by Graham, 
who found them to be intimately associated with those of diffusion, 
or the admixture of fluids of different densities, without the inter- 
position of permeable septa. 

According to Graham, the rapidity with which diffusion takes place 
varies with the following circumstances, viz. :— 

1. With the chemical composition of the fluids, the action in 
general being most rapid with acids, next with alkalies, and, least of 
all, with fluid albumen, gelatine, and gums. 

2. With the temperature; the higher the temperature the greater 
the rapidity of action. 

3. With the degree of concentration of one of the solutions as com- 
pared with that of the other. 

4. With the difference between the densities of the two solutions; 
when this difference is constant, the rapidity of action is greater with 
weak than with concentrated solutions. 

A curious variety of osmotic action has been studied by Graham, 
for which he gave the name of dialysis. By its means he showed 
how crystallisable substances or crystalloids can be separated from 
non-crystallisable substances or colloids, by means of a porous mem- 
brane or diaphragm. 

The separation is effected by means of an apparatus called a 
dialyser, which consists essentially of a glass dish with a bottom of 
artificial parchment. The mixture of crystalloids and colloids is 
placed in the dish, which is then floated upon pure water. The 
crystalloids, the molecules of which are, as a rule, small, readily pass 
through the pores of the septum, while the colloids, the molecules of 
which are large, remain behind. 

If this be the correct explanation, it would seem that a more rapid 
separation of such substances by dialysis might be obtained by the 
aid of centrifugal force, by placing the mixture in a separating cen- 
trifugal machine, the walls of which are formed of suitably supported 
repta, placed in a vessel kept filled with pure water. 

It would also be interesting in this connection to try whether 
dialytic separation would not be accelerated by the passage of an 
electric current through the septum. 

The phenomena of osmose are influenced by the character of the 
septum, the nature of the fluid substances as regards-their action on 
such septum, as well as on each other, the physical conditions of the 
septum, as regards the dimension of the capillary spaces and their 
freedom from being clogged, and, to an extent as yet undetermined, 
by the presence of electrical currents that appear invariably to attend 
such liquid flow. 

The want of time forbids any elaborate discussion of the” physical 
causes of the two opposite liquid currents, the endosmotic and the 
exosmotic currents, produced by osmotic action. Suffice to say that 
they are now generally recognised to be more complex than they were 
formerly believed to be. They depend, apparently for their action, 
among other causes, on the phenomena of simple diffusion as modified 
by capillary action, on the affinities of the liquids for each other or 
for the septum, and, in some as yet not thoroughly understood 
manner, on the action of electric currents. So far as the influence of 
diffusion and capillarity are concerned, they depend on inter- 
molecular action, resulting, through the interaction of cohesion and 
adhesion, in surface tensions. 

Let us now examine what occurs when an electric current is passed 
through two liquids across a porous wall or septum which separates 
them, that is, when the liquid and the septum form part of an elec- 
tric circuit. Under such circumstances a movement of the liquid 
takes place in the direction of the current; or, in other words, the 
level of the liquid rises on the side of the negative electrode and falls 
on the side of the positive electrode. 

Calling as before, the endosmotic current that which is directed 
towards the higher level, then the electro-endosmotic current is that 
which passes through the septum in the same direction as the electric 
current. 

Now, regarding the skin and other membranes of the human body 
as septa, if electrodes moistened with medicinal substance, such, for 
example, as a soluble iodide, cocaine, quinine, &c., be applied to 
different parts of the body, and an electric current be passed between 
such electrodes, a flow of the solutions placed in or around the elec- 
trode takes place in the direction of the electric current, by means of 
which said solutions are carried into the tissues of the body. The 
introduction of drugs or medicaments into the human body by such 
means is called cataphoresis, and I have been asked to state the 
principles of cataphoresis from the standpoint of the physicist. 

The task is a difficult one for the following reasons: Even if the 
physics of the phenomena of simple osmose were thoroughly under- 
stood, a discussion of the causes and phenomena of electric osmose 
would be a matter of considerable difficulty, since the introduction of 
the electric current would considerably modify the results. But 
when to the complexity arising from the introduction of an electric 
current into the problem, is superadded the complexity arising from 
the effects of vitality, of moditied nutrition, of alterations in the con- 
tractility of the tissues, the results are so profoundly modified that 
the study of the phenomena of cataphoresis from the standpoint of 
the physicist only, or, in a more limited manner, from the standpoint 
of the electrician only, must necessarily fail of its best results unless 
supplemented by the study both of the physiologist and of the prac- 

_ tising physician. 

The exact causes of the phenomena of simple diffusion are by no 


means thoroughly understood. The fundamental causes of the phe. 
nomena of electric endosmose in non-living matter are still involveq 
in dispute. The causcs of the phenomena of cataphoresis, or electric 
endosmose in living matter must, therefore, of necessity be involved 
in considerable obscurity. 

The effect of an electriccurrent passing through a tissue of the body 
in determining a flow of liquid through such tissue in the direction of 
the electric current was first observed by Reuss, of Moscow, and 
afterwards by Porret, who called it electric endosmosis. It is now 
sometimes known as Porret’s phenomenon. Porret observed that 
when an electric current is passed through a living, fresh, sarcous 
substance, the contents of the muscular fibre at once take on a flow. 
ing or streaming movement in a direction which is the same as that 
in which the current is assumed to flow, viz., from the positive 
towards the negative pole, and that there results from this movement 
a swelling of the fibre at the negative pole. s 

The problem is still further complicated by the belief, that has 
existed for a long time, that the phenomena of simple osmose are 
invariably attended by the presence of electric currents. If this be 
true, and it certainly appears probable, then the presence of such 
currents cannot be without its influence on osmotic phenomena. 

According to Graham, a chemical action on the material of the 
septum invariably attends osmotic action. For this reason, the phe- 
nomena are practically absent in neutral solutions, and are most 
marked in acid and alkaline solutions. In the case of a membrane of 
ox bladder, Graham found that the loss of weight of the septum in 
various experiments varied from 20 to 40 per cent. according to the 
character of the solution, the kind of septum employed, and the time 
of duration of the experiment. In the case of such mineral septa as 
unglazed earthenware, he found alkaline solutions to produce a 
greater action than acid solutions, because they exerted a chemical 
action on the septa. , 

Since chemical action produces electrical currents, it is not 
improbable that such currents are produced whenever osmose occurs, 

But an observation of Graham renders the presence of electric 
currents in all osmotic currents almost certain. He asserts that one 
of the surfaces of a membrane or septum through which osmotic 
action is taking place is invariably acid, while the other is basic, and 
that this state is invariably connected with the progressive decompo- 
sition of the substance of the septum. In other words, the membrane 
is polarised ; an electromotive force exists which is definitely directed, 
and, presumably, electrolytic decomposition takes place. 

But apart from such consideration, it is a well known fact that 
when a liquid is forced through the capillary pores of a porous wall 
or partition, electric currents called diaphragm currents are produced. 
That is, the phenomena are interchangeable. ; 

Take, for example, the case of the capillary electrometer, in which 
a drop of sulphuric acid is placed in a capillary tube filled with mer- 
cury. When acurrent of electricity is passed through the mercury 
across the drop, it will cause the drop to move in the same direction 
as that in which the electric current is flowing. If, however, when 
the electric current is absent from the tube, the drop of liquid is 
forced to move by the application of pressure, then a current of elec- 
tricity is produced, which flows in such a direction as would tend to 
move the drop in the opposite direction to that of the motion it is 
forced to take by the pressure. As you are probably aware, an operi- 
tive electro-capillary transmitting and receiving telephone has been 
constructed on these principles. 

Since ordinary osmose is attended by the forcing of liquids through 
capillary spaces, there must, it would seem, be set up electromotive 
forces as the results of such liquid flow, and these electromotive forces 
would presumably tend to oppose such liquid flow. 

The cause of the electric current produced by the motion of the 
drop of sulphuric acid is generally explained as follows : The contact 
of acidulated water and mercury possesses a definite surface tension. 
The two liquids do not, however, actually touch; a small interval or 
space exists between them. This space acts as a small accumulator 
Since different liquid substances are in contact, they acquire different 
potentials. 1f the shape and contact of these surfaces are altered by 
any means, the capacity of the condenser is altered, and consequently 
an alteration occurs in the difference of potential. The mere shaking 
or heating of the liquid in such a capillary tube will, therefore, le 
attended by the production of electric currents. Conversely, an ele: 
tric current sent across such contact surfaces will produce motion from 
the change in the value of the surface tension. 

But apart from the question as to whether or not there exist elec 
tric currents or differences of potential in the case of ordinary osmotic 
phenomena, there is no doubt that the passage of an electric currctt 
from one liquid to the other, through a septum which separates them, 
causes a modification in the value of the endosmotic current. In 
most cases it increases such current; according to the observations “ 
Napier, the direction of endosmosis is changed by changing the dire: 
tion of the electric current. When flowing in one direction, ther 
fore, the electric current adds to the ordinary endosmotic curretl® 
liquid current of its own; when flowing in the opposite direction," 
opposes or reverses the direction of the endosmotic current. 

Napier alludes to this in a paper on electrical endosmosis, contr 
buted to the Chemical Society of London, December 15th, 1845. ! 
append the following extract from the paper, viz. : 

“That two dissimilar solutions, separated by a porous partitio, 
will pass the one into the other, is a phenomenon long observed, tit 
only necessary conditions being that the liquids have a strong te 
dency to combine, and that the one is more capable of entering int 
or wetting the porous partition than the other. Liquids eminent? 
fitted to effect this are alcohol and water, and saturated solutions ° 
some salts and pure water. But the phenomenon of endosmosis ta 
ope also when an electric current passes through liquids separ 4 


y @ porous partition. When all the above conditions are absent, 
nt 
cb 


even when these conditions are present, the endosmotic current 
follow the electric, althongh in a contrary direction to that whi 
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would take were there no electric current passing; showing that, under 
these circumstances, it has its origin in the passage of the electric 
force. This fact was first made known by Mr. Porrett, in the ‘ Annals 

of Philosophy,’ in 1815.” 

So too Beard and Rockwell, alluding to this subject, say on page 
190 of their ‘‘ Medical and Surgical Electricity ” : 

“The electric currents also exercise a positive and very interesting 
influence over endosmose. By the passage of a galvanic current the 
endosmotic phenomena may be both stimulated or reversed. This is 
shown in the following experiment of Dutrochet: A tube containing 
gum-water is closed at one of its ends by animal membrane and 
dipped in a vessel containing common water. By the ordinary 
operation of the laws of endosmosis the water rises in the tube on 
account of the entrance of some of the ordinary water through the 
membrane into the tube. But if the positive pole of a galvanic 
battery be placed in the common water and the negative pole in the 
gum-water, the endosmotic action is stimulated to such a marked 
degree that the leve] of the gum-water rises with much greater 
rapidity; if we reverse the poles the level of the gum-water in the 
tube sinks instead of rises. The faradic current from the secondary 
coil produces no such effect. The current from the inner coil—the 
extra current so-called—produces these effects to a less degree. It is 
pretty clear, therefore, that these phenomena depend on the chemical 
and not on the mechanical power of the current.” 

An extended study has been made of the phenomena of electrical 
endosmose. Besides the observation of Reuss and Porret, already 
referred to, many other able investigators have worked in this field 
of research. 

I will cite only the following generalisation of the results of many 
experiments by De la Rive, viz. : 

“The force with which a galvanic current tends to transport a 
liquid through a porous partition from the positive to the negative 
wall is measured by a pressure which is directly proportional to the 
intensity of the current, to the electric resistance of the liquid, to 
the thickness of the porous partition, and inversely proportional to 
the surface of that partition.” 

When an electric current is caused, under certain conditions, to 
pass through compound substances, a chemical decomposition, or, as 
it is generally called, an electrolytic decomposition of such substance 
occurs. 

It is almost certain that when an electric current is caused to pass 
through certain liquid substances across a wall or septum separating 
them, that if not in all cases, at least whenever the strength of the 
current reaches a certain value, electrolytic decomposition takes 
place, and that therefore another cause is introduced to still further 
modify ordinary osmotic action. 

As we have already seen, Graham has shown that a decomposition 
of the septum occurs with a polarisation and progressive decomposi- 
tion of its substance. 

That foreign liquid substances as medicaments can be successfully 
introduced into the body by electric endosmose does not admit of 
doubt, and an extremely extended and valuable field is thus opened 
up to the electro-physiologists. This part of the problem belongs, 
gentlemen, to you as electro-physiologists and electro-therapeutists. 
To me as a physicist, there remains only to be added a few conclu- 
sions or generalisations which I think are correct, concerning the 
cataphoric effects of an electric current. These conclusions are as 
follows, viz.: 

1. That the presence of electric endosmose is more general than 
has heretofore been suspected. 

2. That whenever a constant electric current is sent through the 
human body, whether for ordinary therapeutical treatment, as well 
as for some definite catphoretic treatment, a true cataphoretic action 
must occur. There must be determined through all the membranes 
or membranous substances which lie in the path of the current, a 
flow of certain of the fluids of the body in the direction of the cur- 
rent. The result of these cataphoric currents must be to engorge 
certain parts and deplete other parts; and, it is possible, that in many 
cases the therapeutic value of the current may arise mainly from such 
action, by the transportation of morbid matters from one part of 
the path to another part, or to a more uniform condition of pressure 
in certain parts by the transportation of fluids from gorged to de- 
pleted tissues. 

This in all probability explains why in so many cases one electrode 
only acts as the therapeutic electrode, and the other as the indifferent 
electrode. 

3. That since cataphoric action presumably accompanies the pas- 
sage of an electric current through the body, the resistance of the 
entire human body, or of the parts of the human body, cannot remain 
uniform. Besides the variations of resistance that attend variations 
in the condition of the skin, and those that must result from the 
polarisation accompanying electrolytic decomposition, there are those 
produced by cataphoric action in varying the distribution of the 
fluids of the body, engorging certain portions and depleting others. 
Moreover, since the cataphoric action increases with the strength of 
the current, the resistance of the human body will necessarily vary 
with the strength of current employed to measure such resistance. 
This fact should be borne in mind in measuring the electric resist- 
ance of different parts of the body. 

In calling attention to the probable variation in the resistance of 
the human body with the strength of the current passing, I am not 
referring to that change in the electric resistance which arises from 
its electrolytic polarisation; ¢.¢., to the variation in its resistance 
produced by the counter-electromotive force of polarisation. Such a 
resistance is asymmetrical ; 7.c., possesses a different value in opposite 
directions. The change in the resistance due to cataphoric action 
should be symmetrical; i.c., should possess the same value in either 
direction. 

I do not know, in point of fact, whether such differences in the 
Tesistances of the human body actually follow changes in the strength 


of the currents passing through the human body, or variationsjin the 
duration of the time such currents are passing. I merely throw out 
the suggestion as what appears to me to be logical conclusions, 
and what I believe will be found to exist as actual facts. 

In conclusion, then, there would appear to be two varieties of 
cataphoric action, viz. :— 

1. Normal cataphoresis, by means of which disturbance is effected 
in the distribution of the constituents of the body by the passage of 
an electric current. 

2. Abnormal cataphoresis, by means of which is effected an intro- 
duction of fluid substances into the body from without, by the passage 
of an electric current. 


ON LIGHT AND OTHER HIGH FREQUENCY 
PHENOMENA.* 


By NIKOLA TESLA. 
(Continued from page 111.) 


In these constructions, before mentioned, the small bulb inside 
would, at least in the first stages, prevent all bombardment against 
the outer, large globe. It occurred to me then to ascertain how a 
metal sieve would behave in this respect, and several bulbs, as illus- 
trated in fig. 31, were prepared for this purpose. In a globe, }, was 
mounted a thin filament, f (or button) upon a platinum wire, w, 
passing through a glass stem and leading to the outside of the globe. 
The filament, 7, was surrounded by a metal sieve, s. It was found in 
experiments with such bulbs that a sieve with wide meshes appa- 
rently did not in the slightest affect the bombardment against the 
globe, d. When the vacuum was high the shadow of the sieve was 
clearly projected against the globe, and the latter would get hot in a 
short while. In some bulbs the sieve, s, was connected to a platinum 
wire sealed in the glass. When this wire was connected to the other 
terminal of the induction coil (the E.M.F. being kept low in this 
case), or to an insulated plate, the bombardment against the outer 
globe, 4, was diminished. By taking a sieve with fine meshes 
the bombardment against the globe, 4, was always diminished, 
but even then if the exhaustion was carried very far, and 
when the potential of the transformer was very high, the 
globe, 4, would be bombarded and heated quickly, though no 
shadow of the sieve was visible owing to the smallness of the meshes. 
But a glass tube or other continuous body mounted so as to surround 
the filament, entirely cut off the bombardment, and for a while the 
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outer globe, 6; would remain perfectly cold. Of course, when the 
glass tube was sufficiently heated the bombardment against the outer 
globe could be noted at once. The experiments with these bulbs 
seemed to show that the speeds of the projected molecules or particles 
must be considerable (though quite insignificant when compared with 
that of light), otherwise it would be difficult to understand how they 
could traverse a fine metal sieve without being affected, unless it were 
found that such small particles or atoms cannot be acted upon 
directly at measurable distances. In regard to the speed of the pro- 
jected atoms, Lord Kelvin has recently estimated it at about one kilo- 
metre a second or thereabouts in an ordinary Crookes bulb. As the 
potentials obtainable with a disruptive discharge coil are much higher 
than with ordinary coils, the speeds must, of course, be much greater 


* A lecture delivered before the Franklin Institute, at Philadelphia, 
Feb: 24th, 1893, and before the National Electric Light Associa- 
tion, at Bt. Louis, Mo., March 1st, 1893. 
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when the bulbs are lighted from such a coil. Assuming the speed to 
be as high as 5 kilometres, and uniform through the whole trajectory, 
as it should be in a very highly exhausted vessel, then if the alternate 
electrifications of the electrode would be of a frequency of five 
million, the greatest distance a particle could get away from the elec- 
trode would be one millimetre, and if it could be acted upon directly 
at that distance, the exchange of electrode matter or of the atoms 
would be very slow, aud there would be practically no bombardment 
against the bulb. This at least should be so, if the action of an elec- 
trode upon the atoms of the residual gas would be such as upon clec- 
trified bodies which we can perceive. A hot body enclosed in an 
exhausted bulb produces always atomatic bombardment, buta hot body 
has no definite rhythm, for its molecules perform vibrations of all 


8. 

If a bulb containing a button or filament be exhausted as high as 
is possible, with the greatest care, and by the use of the best artifices, 
it is often observed that the discharge cannot, at first, break through, 
but after some time, probably in consequence of some changes within 
the bulb, the discharge finally passes through, and the button is ren- 
dered incandescent. In fact, it appears that the higher the degree 
of exhaustion, the easier is the incandescence produced. There seems 
to be no other causes to which the incandescence might be attributed 
in such case, except to the bombardment or similar action of the 
residual gas, or of particles of matter in general. But if the bulb be 
exhausted with the greatest care, can these play an important part ? 


Assume the vacuum in the bulb to be tolerably perfect, the great. 


interest then centres in the question: Is the medium which pervades 
all space continuous or atomic? If atomic, then the heating of a 
conducting button or filament in an exhausted vessel might be due 
largely to ether bombardment, and then the heating of a conductor 
in general throngh which currents of high frequency or bigh 
potential are passed, must be modified by the behaviour of such 
medium: then, also, the skin effect, the apparent increase of the 
ohmic resistance, &c., admit partially, at least, of a different expla- 
nation. 

It is certainly more in accordance with many phenomena observed 
with high-frequency currents to hold that all space is pervaded with 
frec atoms, rather than to assume that it is devoid of these, and dark 
and cold, for so it must be, if filled with a continuous medium, since 
in such there can be neither heat nor light. Is then energy trans- 
mitted by independent carriers, or by the vibration of a continuous 
medium? This important question is by no means as yet positively 
answered. But most of the effects which are here considered, 
especially the light effects, incandescence, or phosphorescence, 
involve the presence of free atoms, and would be impossible without 
these. 

In regard to the incandescence of a refractory button (or filament) 
in an exhausted receiver, which has been one of the subjects of this 
investigation, the chief experiences, which may serve as a guide in 
constructing such bulbs, may be summed up as follows: 1. The 
button should be as small as possible, spherical, of a smooth or 
polished surface, and of refractory material which withstands evapo- 
ration best. 2. The support of the button should be very thin, and 
screened by an aluminium and mica sheet, as I have described on 
another occasion. 3. The exhaustion of the bulb should be as high 
as possible. 4. The frequency of the currents should be as high as 
practicable. 5. The currents should be of a harmonic rise and fall, 
without sudden interruptions. 6. The heat should be confined to the 
button by enclosing the same in a small bulb or otherwise. 7. The 
space between the walls of the small bulb and the outer globe should 
be highly exhausted. 

Most of the considerations which apply to the incandescence of a 
solid just cunsidered may likewise be applied to phosphorescence. 
Indeed, in an exhausted vessel, the pkcsphorescence is, as a rule, 
primarily excited by the powerful beating of the electrode stream 
cf atoms against the on ger poe na body. Even in many cases, 
where there is no evidence of such a bombardment, I think that 
phosphorescence is excited by violent impacts of atoms, which are 
not necessarily thrown off from the clectrode, but are acted upon 
from the same inductively through the medium or through chains of 
other atoms. That mechanical shocks play an important part in cx- 
citing phosphorescence in a bulb may be seen from the following 
experiment. If a bulb, ccnstructed as that illustrated in fig. 10. Le 
taken and exhaurted with the greatest care, so that the discharge 
cannot pass, the filament, /, acts by electrostatic induction upon 
the tube, ¢, and the latter is set in vibration. If the tube, 0, be rather 
wide, about an inch or so, the filament may be so powerfully vibrated 
that whenever it hits the glass tube it excites phosphorescence. But 
the phosphorescence ceases when the filament comes to rest. The 
vibration can be arrested and again started by varying the frequency 
of the currents. Namely, the filament bas its own period of vibration, 
and if the frequency of the currents is such that there is resonance, 
it is set casily vibrating, though the pvtential of the currents be 
tall. I have often ubserved that the filament in the bulb is de- 
stroyed Ly such mechanical resonance. The filament vibrates, as a 


tule, so rapidly, that it cannot be scen, and the experimenter may at 


first be mystificd. When such an experiment as the one described 
is carcfully performed, the potential of the currents need be ex- 
tremely small, and for this reason I infer that the phosphorescence 
is then due to the mechanical shock of the filament against the glass, 
just as it is produced by striking a loaf of sugar with a knife. The 
mechanical shcck produced by the pr jected atoms is easily noted 


_when a bulb, containing a button, is gras in the hand, and the 


current turocd on suddenly. I believe that a bulb could be shattered 
by observing the conditions of resonance. 

In the experiment before cited it is, of course, open to say, that 
the glass tube, upon coming in contact with the filament, retains a 
charge of a certain sign upon the point of contact. If now the fila- 
ment again touches the glass at the same point while it is oppositely 
charged, the charges equalise under evolution of light. But nothing 


of importance would be gained by such an explanation. It is un- 
questionable that the initial charges given to the atoms or to the glass 
play some part in exciting phosphorescence. So, for instance, if a 
phosphorescent bulb be first excited by a high frequency coil by con- 
necting it to one of the terminals of the latter and the degree of 
luminosity noted, and then the bulb be highly charged from a Holtz 
machine by attaching it preferably to the positive terminal of the 
machine, it is found that when the bulb is again connected to the 
terminal of the high frequency coil, the phosphorescence is far more 
intease. On another occasion I have considered the possibility of 
some phosphorescent phenomena in bulbs being produced by the 
incandesceuce of an infinitesimal layer on the surface of the phospho- 
rescent body. Certainly, the impacts of the atoms are powerful 
enough to produce intense incandescence by the collisions, since they 
bring quickly to a high temperature a body of considerable bulk. If 
any such effect exists, then the best appliance for producing phos- 
phorescence in a bulb, which we know so far, is a disruptive discharge 
coil giving an enormous potential with but few fundamental dis- 
charges, say, 25—30 per second, just enough to produce a continuous 
impression upon the eye. It is a fact that such a coil excites 
phosphorescence under almost any condition and at all degrees of 
exhaustion, and I have observed effects which appear to be due to 
phosphorescence even at ordinary pressures of the atmosphere, when 
the potentials are extremely high. But if phosphorescent light is 
produced by the equalisation of charges of electrified atoms (what- 
ever this may mean ultimately), then the higher the frequency of the 
impulses or alternate electrifications, the more economical will be the 
light production. It is a long known and noteworthy fact that all 
the phosphorescent bodies are poor conductors of clectricity and heat, 
and that all bodies cease to emit phosphorescent light when they aie 
brought to a certain temperature. Conductors, on the contrary, do 
not possess this quality. There are but few exceptions to the rule. 
Carbon is one of them. Becquerel noted that carbon phosphoresces 
at a certain elevated temperature preceding the dark red. ‘I'his phe- 
nomenon may be easily observed in bulbs provided with a rather 
large carbon electrode (say a sphere of six millimetres diameter). 
If the current is turned on after a few seconds, a snow-white film 
covers the electrode, just before it gets dark red. Similar effects 
are noted with other conducting bodies, but mauy scicutific men 
will probably not attribute them to true phosphorescence. Whether 
true incandescence has anything to do with phosphorescence 
excited by atomic impact or mechanical shocks, still Te- 
mains to be decided, but it is a fact that all conditions, which 
tend to localise and increase the heating effect at the point of im- 
pact, are almost invariably the most favourable for the production 
of phosphorescence. So, if the electrode be very small, which is 
equivalent to saying, in general, that the electric density is great, 
if the potential be high, and if the gas be highly rarefied, all of which 
things imply high speed of the projected atoms, or matter, and con- 
sequently violent impacts—the phosphorescence is very intense. If 
a bulb provided with a large and small electrode be attached to the 
terminal of an induction cvil, the small electrode excites phosphor- 
escence, while the large one may not do so, because of the smaller 
electric density and hence smaller speed of the atoms. A bulb pro- 
vided with a large electrode may be grasped with the hand while the 
electrode is connected to the terminal of the coil, and it may not 
phosphoresce ; but if instead of grasping the bulb with the hand, the 
same be touched with a pointed wire, the phosphorescence at once 
spreads through the bulb, because of the great density at the point of 
contact. With low frequencies it seems that gases of great atomic 
weight excite more intense phosphorescence than those of smaller 
weight, as, for instance, hydrogen. With high frequencies the obser- 
vations are not sufficiently reliable to draw a conclusion. Oxygen, as 
is well known, produces exceptionally strong effects, which may be in 

rt due to chemical action. A bulb with hydrogen residue seems to 

most casily excited. Electrodes which are most easily deteriorated 
produce more intense phosphorescence in bulbs, but the condition is 
uot permanent because of the impairing of the vacuum and the depo- 
sition of the clectrode matter upon the phosphorescent surfaces. Some 
liquids, as oils, for instance, produce magnificent effects of phos- 
phorescence (or fluorescence ? ), but they last only a few seconds. So 
if a bulb have a trace of oil on the walls, and the current is turned 
on, the phosphorescence only persists for a few moments until the oil 
is carriedaway. Of all bodies so far tried, sulphide of zinc seems to 
be the most susceptible to phosphorescence. Some samples obtaine: 
through the kindness of Prof. Henry, in Paris, were employed in 
many of these bulbs. One of the defects of this sulphide is, that it 
loses its quality of emitting light when brought to a temperature 
which is by no means high. It can, therefore, be used only for feeble 
intensities. An observation which might deserve notice is, that when 
violently bombarded from an aluminium electrode it assumes a black 
colour, but, singularly enough, it returns to the original condition 
when it cools down. Om 

The most important fact arrived at in pursuing investigations 11 
this direction is, that in all cases it is necessary, in order to excite 
phosphorescence with a minimum amount of energy, to observe cer- 
tain conditions. Namely, there is always, no matter what the 
frequency of the currents, degree of exhaustion and character of the 
bodies in the bulb, a ceitain potential (assuming the bulb excited 
from one terminal) or potential difference (assuming the bulb to be 
excited with both terminals) which — the most economical 
result. If the potential be increased, considerable energy may be 
wasted without producing any more light, and if it be diminished, 
then again the light production is not as economical. The exact con- 
dition under which the best result is obtained seems to depend on 
many things of a different nature and it is to be yet investigated 
by other experimenters, but it will certainly have to be observed 
when such phosphorescent bulbs are operated, if the best results are 


to be attained, 
(Zo be continued.) 
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MaRSHALL v. THE SoutH STAFFORDSHIRE TRAMWAYS COMPANY. 


BerorE Mr. Justice Kexkewicu, on Friday last, this action was 
heard. 

It was a motion by the defendant, Mr. William Somers Leo 
Schuster, for the removal of Mr. William James Carruthers Wain, 
who had been appointed in the action joint receiver and manager of 
the defendant company’s undertaking on behalf of the plaintiffs, who 
were debenture holders of the company. Mr. Schuster had been 
added by the Court a defendant on behalf of debenture holders, who 
did not agree that they were properly represented by the plaintiffs. 
Mr. Wain was chairman of the defendant company, and it was said 
he was interested in other companies, especially the Electric Con- 
struction Corporation, who had contracted to supply the defendant 
company with electric traction upon terms which, it was said, the 
directors of the latter company ought not to have entered into. It 
was accordingly alleged that Mr. Wain did not hold that independent 
position which, on behalf of the debenture holders of the defendant 
company, he ought to hold. 

Mr. Marten, QC., and Mr. Bramwell Davis appeared for the 
defendant, Mr. Schuster; Mr. Finlay, Q.C., and Mr. R. J. Parker for 
the defendant company, and also for Mr. Wain, who, however, had 
not been served with the notice of motion, and therefore, as his 
Lordship held, could not be heard; and Mr. Warmington, Q.C., and 
Mr. Willis Bund for the plaintiffs. 

Mr. Jus1IcE KEKEWICH said the motion was entirely misconceived. 
Mr. Wain had been accepted both by the plaintiffs and by the 
defendant company as receiver and manager. Personally, his Lord- 
ship had the strongest. objection to appointing the chairman of any 
company its receiver and manager on behalf of the debenture 
holders. In a large number of cases the appointment of the chairman 
acted mischievously. He found from experience that the chairman 
of the company did not forget that his place had been at the head of 
the board, and found a difficulty in remembering that his power as 
receiver and manager was of a very much restricted character, that 
he had other interests to consider than those of the shareholders, and 
that he was an officer of the Court, and, as such, responsible to the 
Court. Accordingly, his Lordship never appointed the secretary or 
chairman of a company receiver and manager without reluctance. 
Here, the chairman was appointed by consent, and his Lordship 
could not now decline to recognise the appointment, and therefore he 
would not interefere with him on that ground. Then there were 
several other cases made against Mr. Wain, some of an idle character, 
going into his conduct with regard to matters with which, on the present 
occasion his Lordship did not consider himself concerned. But there 
was one serious matter—namely with regard to Mr. Wain’s connection 
with the Electric Construction Corporation. He was and had been 
closely connected with the corporation, who were working the 
defendant company’s tramways under a contract which had been 

attacked. That contract did seen to his Lordship on looking at it 
to be a contract of an extraordinary character, and it was quite right 
that this contract should be thoroughly investigated. It was 
desirable that the Court should have the assistance of an officer 
entirely unconnected with the corporation, and that might have been 
a reason for not appointing Mr. Wain now to be a receiver and 
manager. It was too common for the office-bearers of one company 
to be connected with another company which was mixed up in 
business with the company of which they were the office-bearers. It 
might be serious if Mr. Wain were standing alone as sole receiver and 
manager, uncontrolled except by his position as receiver and 
manager. In that case his Lordship should have been inclined either 
to remove him or to associate with him some independert person, and 

not the less because he was connected with persons deeply interested 

in the success of these tramways. But this must be borne in mind, 
that Mr. Wain was associated with Mr. Sully, an accountant, whose 
duty it was to look after his colleague and sec that the interests of 
the debenture holders were protected, and his conduct looked into. 

But there was a much more important matter than that. His 

Lordship bad before him Mr. Schuster, who was as hostile to the 

plaintiffs as could be, and was determined that neither Mr. Wain nor 

Mr. Sully should neglect their duty, and his Lordship relied on Mr. 

Schuster taking care to see that Mr. Wain did not act in the interests 

of the shareholders of the defendant company or of the corporation. 

His Lordship did see that this contract with the corporation required 

jealous investigation, and that the office of receiver and manager must 

be conducted with considerable care, and if, as the action proceeded, 
he saw the slightest reluctance on Mr. Wain’s part or neglect of duty, 
he should not hesitate to remove him. The motion to remove him 
now upon the grounds which had been put forward was mis- 
conceived, aud must be refused. There was not the slightest reason 
why the conduct of the action should be given to Mr. Schuster as had 
been asked. It was to the advantage of all concerned that he should 

be a watchful defendant, and left in the position of a cat watching a 

mouse. The motion must be refused. The plaintiffs would have 

their costs in any event. Mr. Wain would have no costs. The costs 
of the defendant company would be costs in the action. 


v. VauGHan. 


A casE of considerable interest to electrical engineers came on for 
hearing at the Liverpool Assizes, before Mr. Justice Kennedy and a 
special jury, on Thursday, August 3rd. 

The plaintiffs, Messrs. A. Hall & Co., electrical engineers and con- 
tractors, of 1 and 11, South John Street, Liverpool, sued Mr. John 


Vaughan, of “ Nannau,”. Dolgelly, to recover £665 damages for breach 
of contract. The circumstances appear to have been as follows :— 
Early in December last plaintiffs supplied an estimate for lighting 
defendant's mansion, which was accepted, the plaintiffs immediately 
preparing to execute the work, and contracting with other manufac- 
turers for the turbine and generating plant. After a few weeks the 
defendant, without consulting Messrs. Hall, appointed as his con- 
sulting engineer a gentleman who happened to be a local contractor 
and competitor of the plaintiffs, and they immediately advised the 
defendant that having already undertaken the work and accepted all re- 
sponsibility, they could not recognise the authority of any enginecr to 
interfere with their arrangements, especially as they asked no pay- 
ment until the whole was satisfactorily completed, and were willing 
that defendant should have the installation examined and tested by 
any recognised consulting engineer before accepting same. The 
defendant, however, would not allow the plaintiffs to commence the 
erection of any part of the installation, and, after delaying for a con- 
siderable time, during which he sent enquiries for various particulars 
of the work to submit to his engineer, he finally refused to allow 
plaintiffs to carry out their contract, stating that it would not be 
satisfactory. The plaintiffs, therefore, sued for damages, and when 
the case came on in court the defendant’s counsel, evidently appre- 
ciating plaintiffs’ position, offered to compromise by paying £450 and 
costs, and withdrawing any imputation upon plaintiffs’ ability to 
carry out the work. This was accepted. The installation consisted 
of 120 16-C.P. incandescent lamps, to be erected in the Hall, the 
generating plant being placed near a stream j-mile distant from the 
Hall, and it included a special Victor turbine. As there was at 
all times an abundance of water, and the attendant was to live 
in rooms adjoining the one containing the generating machines, 
the plaintiffs offered to carry out the work without accumulators, and 
their contract did not include any. It was evident there would be a 
considerable loss in the mains, and that means for regulating the 
E.M.F. at their distant end must be provided. This, it was stated, 
could not be satisfactorily done. In their estimate plaintiffs only 
specified compound machines, and in answer to the euquirics after- 
wards sent them, they stated they expected to use a 19/14 main, 
which would have a resistance of about 68 ohm. The lamp voltage 
was to be 110, and therefore with such a cable the maximum loss 
during a night would have been about 20 volts or 15 per cent., that 
is with 50 lights on, which is probably more than required on all 
ordinary occasions; but if every lamp in the house had been switched 
on, there would have been a loss of 48 volts, or about 31 per cent. of 
the dynamo E.M.F. Plaintiffs had not bound themselves to that 
size of cable, but stated it as the smallest they might use. ‘Their 
arrangement consisted of a large machine capable of supplying all 
the lamps to be used during the hours of heavy load, and a small 
machine capable of driving a little less than half the lamps to be 
used during the night and hours of light load. Both machines would 
have been compound wound to raise the E.M.F.as the current in- 
creased, so as ty compensate for the loss in the cables and maintain 
a constant E.M.F. at the distant end. That is frequently done with 
colliery lighting machines, and in other similar places, where there 
is a single pair of mains with the load at the farend. It will be 
seen that if a cable as small as stated were used, the large machine 
would have to “compound up” nearly 45 per cent. of its minimum 
E.M.F. (110 volts) when driving every lamp in the house, and it is 
possible that a machine wound to do this might give an unstable 
E.M.F., the tendency being always for its E.M.F. to drop too low if 
it should be kept running when there was a very light load. This, 
plaintiffs stated, could be obviated by the use of a Willans governor. 
It being arranged to operate a switch, inserting resistances, in the 
dynamo shunt orthe main circuit, thereby correcting and assisting the 
dynamo regulator, as well as increasing its range, the machine being 
then easily wound within its limits of stability. Plaintiffs stated 
that they intended to fix an automatic cut-out at the house, so that 
even if any accident were possible there could be no danger of an 
injurious E.M.F. reaching the lamps. ‘The cut-out would have of 
course been shunt wound, and adjusted to work at about 115 volts. 
The small machine had only to compound for ?ths of the total load, 
and would in any case be easily made to give a stable E.M.F. and 
even regulation throughout its range. It will be noticed that the 
possible failing of the E.M.F. of large machiue at light load, even 
with no governor, would not be any trouble, as the smaller machine 
only was intended for use during that time. ‘lhe plaintiffs had also 
obtained detinite cffers from Messrs. Crompton & Co., Mr. Wilson 
Hartnell, of Leeds, and Messrs. A. M. Walker & Co., of Liverpool, 
all of whom were prepared to supply dynamo machines, compound 
wound, for the maximum loss stated, and to guarantee their satisfac- 
torily regulating over the whole range, using a small coupled separate 
exciter for the shunt and no governor at all. Another method, plain- 
tiffs state, they could have used for the larger machine, is that of 
placing in the circuit a small series-wound step-up dynamo to com- 
pensate for the loss, it being in series with the large machine, which 
could then have been plain shunt-wound. Their case was simply 
that they had the contract, and were prepared to prove that they 
could have carried it out satisfactorily. Although they obtained, 
practically, the same terms they had offered before taking proceed- 
ings, they state they much regret having been so interfered with as 
to oblige them to do so. There being so few places in this country 
where there is such an excess over the required water power at so 
convenient a distance, the installation would certainly have been 
interesting. 

On behalf of the plaintiffs the following gentlemen appeared in 
Court to give evidence :—Mr. C. T. B. Brain (to whom plaintiffs had 
previously referred the case), and Messrs. W. H. Potts (representing 
Messrs. Crompton & Co.), Wilson Hartnell, of Leeds, A. M. Walker, 
of Messrs. Walker & Co., Liverpool. Besides Mr. Lester Taylor, the 
gentleman whom defendant consulted, hc had engaged Messrs. A. B, 
Holmes, F. G. Bailey, T. L. Miller, and W. J. Boult. 
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CORRESPONDENCE. 


Velocity of Migration of Copper Ions. 

In the calculations on the above subject in the paper by 
Messrs. Sheldon and Downing, printed in last week’s 
REVIEW, it appears to me that the mean velocity of the ions 
in the layer of solution of thickness, d 7, should be half 
wa and not on as the authors state, since the copper ions 


would be equally distributed over this layer. The effect of 
this alteration would be to make the values of vo half the 
values obtained by them. 

E. C. Rimington. 


Electro-Chemical Effects due to Magnetisation. 


In the Engineer of July 28th (Notes and Memoranda), I 
noticed an announcement of a series of investigations carried 
on by Lieut. Geo. O. Squier, in the laboratory of Johns 
Hopkins University on the above interesting subject. 

1 am glad Lieut. Squier has undertaken a research in this 
direction. I think it desirable, however, to state that he has 
not been the first to observe these effects of magnetisation. 
Several years ago I had the privilege of observing and inves- 
tigating these obscure magnetic phenomena in a series of 
researches, the results of which were embodied in a number 
of Papers read before the Royal Society, London, under the 
title of “Electro-Chemical Effects on Magnetising Iron,” 
Parts L., IT., I1J., 1V., and which are published in the Pro- 
ceedings of the Royal Society, 1887, 1888, 1889, and 1892 
respectively. 

I think I ought to mention this to prevent any question 
of priority arising, though at the same time I heartily con- 
gratulate Lieut. Squier in the results he has obtained, and 
wish him every success in his further investigations. 


Thos. Andrews, F.R.S. 


NOTES. 


Obituary.—We much regret to hear of the death, in his 
60th year, of Mr. Oliver Smith, brother to the late Mr. 
Willoughby Smith, chief electrician of the Telegraph Con- 
struction and Maintenance Company. Mr. Oliver Smith 
was a well known figure in the testing rooms at Enderby’s 
Wharf, Greenwich, and was closely connected with Atlantic 
cable work in the earlier days of submarine telegraphy. 
Those who have had the pleasure of being associated with 
him either on cable expeditions or in the more prosaic work 
of the testing rooms at Greenwich, will have pleasant recol- 
lections of Mr. Smith’s genial manner, and will miss another 
of the few links now remaining to connect the future with 
the past. 


Progress at Burnley,—The electric lighting installation 
for the borough is progressing very favourably. The final 
connections will soon be made, and in the course of the next 
few days the authorities will be able to supply electric light 
for the borough. It has been decided to light the centre of 
the town with the new illuminant. 


Southport and Electric Lighting.—At a special meet- 
ing of the Town Council last week, it was resolved that a 
high tension alternating system of electrical energy be laid 
down for illuminating the central areas of the town at an 
estimated cost of £13,000. With this it is estimated 1,900 


16-candle-power lamps can be supplied. Tenders are to be 
obtained. 


Telegraphs and Telephones in Japan.—According to 
a recent Foreign Office report there are now, says the 
Morning Post, 8,543 miles of telegraph lines open in Japan, 
the length of wires being 24,314 miles, besides 213% nautical 
miles of telegraph cables, the length of the conducting wires 
which is 2784 nautical miles. Of telephone lines there are 
in the country 375 lines, having 3,234 miles of wires, while 


at Yokohama there is a telephone exchange, connecting also 
with Tokio. 


Improved Lighting of the Strand,—At a recent meet- 
ing of the Strand District Board of Works Mr. H. Cooper, 
in moving that the report of the Works Committee he 
adopted, said they had had before them a scheme for the 
electric lighting of the Strand by the Metropolitan Electric 
Light Company, who proposed to substitute for the present 
67 gas lamps, costing £473 lls. 11d. per annum, 22 arc 
Jamps at a yearly cost, including renewals of carbons, clean- 
ing, and all attendance, of £1,195 per annum, on the 
assumption that half that number of lamps would be extin- 
guished at. midnight. As, however, the increase in cost over 
the present system of lighting by gas would be more than 
100 per cent., they could not advise the board to adopt the 
electric lighting until it became much cheaper. Mr. Emden 
moved as an amendment “That the committee be asked to 
further consider and report on the subject.” The amend- 
ment was lost, and the committee’s report adopted. 


A City’s Entire Population Carried in a Day.— 
According to the Troy (N.Y.) correspondent of the New 
York Electrical Engineer, there was a remarkable demonstra- 
tion of the carrying capacity of the electric street car service 
of that town, on July 4th, on the occasion of an important 
city celebration. Over 70 cars were in constant use all day, 
carrying at the lowest statement made public over 64,000 
passengers, with cars running at one-half minute headway. 
This would represent the entire population of the City of 
Troy, excluding suburbs. Despite the immense crowds, the 
excitement and other conditions so conducive to accidents, 
only one of a very slight nature throughout the day was re- 
ported. The elastic ability of the electric system to handle 
the varying demands upon the power station was proved to 
a degree not equalled in that city at any time heretofore. 


Telephone Statistics.—The Economiste Frangais has 

lately published some interesting particulars with regard to the 
progress in telephonic communications which has been made 
during the last eight or nine years by the principal countries 
of Europe. Commencing with 1883, the Hconomiste Fran- 
cais states, says the Zimes, that at the close of that year 
Belgium and Switzerland had more telephones than any other 
country. Twenty-three towns of Switzerland, with a total 
population of 447,877 inhabitants, had 3,579 subscribers, 
this being equivalent to one subscriber out of 125 inha- 
bitants, the most remarkable feature being that several of 
the smallest towns were the best provided with telephones, 
Montreux, for instance, having a subscriber to every 31 in- 
habitants, while Geneva had only one in 832. Since then 
the increase has been so rapid that Switzerland now has 
nearly 10,000 miles of telephone wires with over 10,000 
subscribers, who exchange about 8,000,000 communications 
in the course of the year. Belgium, in 1883, had telephones 
in six towns of a total population of 794,231 and 2,300 
subscribers, this being equivalent to one in 345 inhabitants, 
whereas now there are about 12,000 miles of wires with 
about 6,000 subscribers, who exchange upwards of 10,000,000 
messages. In Italy the telephone was limited to the six or 
seven principal cities, which, with a total population of two- 
and-a-half million inhabitants, had 7,269 subscribers. The 
increase, though large, has not been so rapid proportionately 
as in Switzerland and Belgium; but Germany, which had 
5,838 subscribers in the 33 principal towns, has now about 
70,000 miles of wire, with 49,531 subscribers exchanging 
about 257,000,000 communications. Denmark had only 
telephonic communication in Copenhagen, where there were 
863 subscribers for a population of 350,000, and in Russia, 
where the telephone was confined to six or seven of the 
largest towns, there were only 2,000 subscribers, this being 
equivalent to one in 1,182 of their total population. The 
principal towns of Holland, with a total population of 
805,544, had 1,718 subscribers, or one in 469 of the popu- 
lation ; while in France there were 6,113 subscribers in towns 
the total population of which was rather over four millions. 
The progress in France since the State took over the tele- 
phones has been very rapid, and there are now about 20,000 
subscribers for the 112 towns which posscss telephonic com- 
munication, this being exclusive of the telephones from town 
to town. The statistics which the Economiste Francais 
gives for England are somewhat vague, so that it is scarcely 
worth while to reproduce them. 
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Newcastle Considers an Important Matter.—The 
Newcastle City Lighting Committee have decided to present 
a report to the Watch Committee, requesting them to con- 
sider the advisability of acquiring the electric lighting of 


the city generally. 


The Post Office and Telephones.—In the House of 
Commons, on Thursday last week, Captain Bagot asked the 
Postmaster-General whether, in case the Post Office pur- 
chased from the National Telephone Company their trunk 
lines as contemplated, he would provide that all telephonic 
exchanges having the use of such trunk lines in connection 
with their own exchanges should give facilities to other 
exchanges, irrespective of their ownership, for communication 
with their subscribers through such trunk lines. Mr. A. 
Morley said the subject had been carefully considered, and 
the agreement now in course of negotiation provided for the 
facilities contemplated by the hon. gentleman. 

Electric Tramway Wanted!—A “Member of the 
R.S.P.C.A. and B.M.A.” writes to the Newcastle Leader 
deprecating the conservative system of “ horses struggling 
with heavily-laden cars of passengers up such a gradient as 
that from the centre of the town of Gosforth.” From the 
platform of mere kindness to the dumb beasts, he recommends 
the adoption of either the cable or electric system of traction. 
Our northern contemporary’s correspondent says he knows 
that trials of the new systems have been successfully made in 
Toronto and Melbourne, but in looking abroad he ignores— 
perhaps unintentionally—the several successful systems which 
for some little while have been working in England and 


Europe. 


Fatal Accident,—John Bell, aged 25 years, employed by 
Messrs. Ashe & Nephew, wine and spirit merchants, Liver- 
pool, was caught in an electric light machine on Wednesday 
afternoon, and was found lying dead on the floor. His body 
was terribly mangled, nearly all his bones being broken. 


The Suez Canal and Search Lights—Important Regu- 
lations.—The Suez Maritime Canal Universal Company, in 
the latest edition of their regulations for the navigation of the 
Suez Canal, have embodied some special remarks regarding 
search lights. The portion referred to reads as follows :— 
“ The Suez Canal Company hereby desire to ca'l the atten- 
tion of shipowners to an improvement in the fittings of the 
electric projector used by ships going through the canal at 
night by means of the electric light, and to invite their early 
adoption of same, the company having decided that from and 
after October 1st, 1893, ships will not be allowed to navigate 
the Canal at night unless their electric projectors are pro- 
vided with this additional improved fitting. Steamers in- 
tending to go through the canal at night must first satisfy 
the agents of the company in Port Said, or Port Thewfik, 
that they are provided :—1. Forward with an electric ‘ pro- 
jector ’ throwing a light 1,200 metres ahead ; this projector 
must be placed as near as possible to the water line; 2. 
With an electric lamp and shade suspended above the upper 
deck, and powerful enough to light up a circular area of 
about 200 metres diameter. The agents of the company 
will decide whether the apparatus fulfil the requirements of 
the regulations so that ships provided with them may, 
without inconvenience, be authorised to navigate the canal 
at night.” Also the following instructions :—‘ Besides, in 

cases of damages to the ship or inefficiency of the electric 
apparatus, navigation at night may be suspended for said 
steamer. 9. Whenever a vessel navigating by night is 
ordered to get into a siding, she must, immediately on having 
done so, put out her electric lamps and her course lights ; 
every vessel navigating at night the Bitter Lakes or mooring 
at night out of a siding, must also put out all her electric 
lamps. 10. When two or more ships having electric lights 
are navigating in train at nicht in the samedirection, should 
any of them stop, she must at once hoist a red light at her 
mizen mast-head, blowing at the same time her steam whistle 
three times in close succession, repeating this at a few 
moments’ interval until the ship following her repeats ber 
signal, which shall be taken as an order to slacken speed at 
once with a view to stopping, if need be.” 


Reflection of Electric Waves.—The N.Y. Llectrical 
World gives a short abstract of some notes by Mr. Geitler, 
in which it is shown that an electric wave, sent through two 
similar parallel wires, undergoes partial reflection, combined 
with a certain loss of phase, wherever the wire changes in 
diameter, or where a condenser is connected between the two 
wires. The same effect occurs at points where the two 
similar wires depart from the parallel. 


Discharge from Points,—It bas been found by Mr. Precht. - 
that the discharge from lightning rod points does not occur till 
the potential reaches 15,000 volts, and that even very fine 
points can be charged to 2,500 volts before they will discharge 
continuously. Dust in large quantities, and some gases sur- 
rounding the points make the discharge more difficult, while 
ultra-violet light facilitates it. Further, a bundle of points 
must be charged toa higher potential than a single point, in 
order to discharge. The paper by Mr. Precht on this subject 
is given in Wied. Ann., Vol. 49, Note 5. A short abstract 
will be found in the Electrical World, N.Y., for July 22nd. 


Discussion on Electrical Congress Programme.,—A 
résumé of opinions and suggestions expressed in reference to 
the Report of the Sub-Committee upon the Provisional Pro- 
gramme of the Chicago Congress is given in the N.Y. 
Electrical World. It is really an abstract of the June-July 
issue of the “Transactions of the American Institute of 
Electrical Engineers,” and contains a compilation of discus- 
sions, suggestions, and criticisms that have appeared in the 
technical press, together with some remarks by Messrs. 
Kennelly, Carl Hering, and others. There is far too much of 
it to give here at any length, and there is nothing parti- 
cularly new. 


Stafford adopts an Electric Lighting Scheme.—An 
electric lighting scheme, proposed by Mr. Bell and endorsed 
by Dr. John Hopkinson, has been resolved upon by the 
Town Council, and application is to be made to the Local 
Government Board for power to borrow £20,000 ; £12,000 
of this sum is to be expended at once. No street lighting 
is at present suggested, but merely the supply for private 
purposes. The site at the gas works, it is said, is as good as 
any procurable. Dr. Hopkinson considers that with 15,000 
to 20,000 lamps running they can make a small profit. 
Customers have been already booked for 15,000 lamps at 7d. 
per unit. The low tension system is to be adopted. The 
necessary plans and other work of preparation is to be imme- 
diately commenced. The authorities have also decided to 
purchase a rubbish destructor at a cost of £2,000. 

Glasgow Telephones.—The Town Council at last week’s 
meeting had under consideration a somewhat extensive 
scheme, #.¢., the municipalisation of the Glasgow telephones. 
The various speakers entered into the matter in great detail. 
The opener of the discussion deprecated the bad and un- 
suitable system at present in operation, and the high rental 
charged to customers. He urged the Corporation to under- 

take a system themselves in self-defence and in defence of 
the public interests. As far as “ reliable estimates” advised 
them, they would be able to lay down a system for 3,500 
users for £52,000, or £15 per user. He quoted expert 
evidence to demonstrate that the electric lighting trenches 
could be utilised for the telephone wires. He was satisfied 
they would have 2,000 subscribers with an estimated income 
of £19,500. Workirg expenses are put down at £9,500, 
and the Government license at £1,950. He proposed that 
5 per cent. should be set aside every year as a sinking fund, 
so that the whole could be wiped out in 20 years. Altogether 
he estimated that they would have a clear revenue of between 
£5,000 and £6,000 per annum. Several speakers opposed 
the scheme, and dealt with the difficulty and confusion that 
must necessarily arise with two separate opposition telephone 
services. One councillor was astonished that the ratepayers 
had not been consulted upon the matter; another thought 

the council’s hands were already too much occupied; while 

another considered it injudicious and unjust to pledge the 
common good for the benefit of 3,500 citizens. It was 
ultimately arranged, by « majority of six votes, that for the 
present the council merely apply for a license from the Post- 
master-General, and the whole matter be remitted for further 


report. 
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Sevenoaks and the Electric Lighting Question.—The 
Local Board have appointed an electric lighting committee. 


Eccles Electric Lighting.—The electric lighting order 
promoted by the ‘Town Vouncil has been sanctioned. 


Electrical Engineer Wanted.—South Shields Town 
Council have resolved to appoint an electrical engineer at a 
salary of £200 per annum. 


Appointment.—For the appointment of electrical engi- 
neer to the town of Aberdeen, there were 65 applicants. Mr. 
E. T. Ruthven Murray was appointed, with a salary of £250 
a year. 


Electric Tramway at Port Elizabeth,—The necessary 
capital has been subscribed for the construction of an elec- 
tric tramway at Port Elizabeth, and the order for the plant 
will shortly be given out. 


Electrical Currents of High Frequency.—The article 
on this subject on page 148 of this issue, by Mr. E. C. 
Rimington, is intended as a reply to Mr. A. A. Campbell 
Swinton’s letter, which appeared in our issue of July 21st. 


Hove Electric Lighting.—A Local Government inquiry 
was commenced at Hove, on Thursday last week, the com- 
missioners having asked sanction to borrow £1,400 to light 
the Town Hall by electricity, and a further sum for the ex- 
tension of sewage works. 


Private Bills in Parliament.—In the House of 
Commons last week the Lords’ amendments to the City and 
South London Railway Bill were agreed to. 

The Lords’ Amendments to the Hampstead, St. Pancras, 
and Charing Cross Railway Bill were considered by the 
House of Commons on Tuesday, and agreed to. 


NEW COMPANY REGISTERED. 


The Railway and Industrial Syndicate Limited 
(39,383).—This company was registered on the 5th inst., 
with a capita] of £20,000, in £1 shares, to purchase, take on 
lease, exchange, or otherwise acquire, any railway, tramway, 
or other undertaking, and to carry on the business of manu- 
facturers, dealers in railway, tramway, and other carriages, 
trucks, locomotive, electrical and other engines, and generally 
to carry on the businesses of financiers and promoters. The 
subscribers are: D. F. Carmichael, 16, Grenville Place, S.W., 
gentleman, 200 shares; F. W. Soppan, Hotel Belgravia, 
S.W., gentleman, 100 shares ; G. F. S. Warne, 29, Gresham 
Street, manufacturer, 300 shares ; James Dickson, 48, Gray’s 
Inn Road, W.C., contractor, 100 shares; R. H. P. Hutchin- 
son, Husbands Bosworth, director, 100 shares; Hon. C. 
Knatchbull-Hugessen, 10, Ashley Place, S.W., barrister, 200 
shares; W. Tukey, 2, Lombard Court, E.C., director, 100 
shares. Qualification of a dirctor: Such number of shares 
as the company may from time to time determine in general 
meeting. Remuneration not stated. Registered office, 2 
Lombard Court, E.C. 


’ 


CONTRACTS OPEN AND CLOSED. 


OPEN. 
Baeza (Spain).— Tenders wanted for the supply of 
electric lighting plant. 


Bolton —Scptember 16th. Tenders for supply and laying 
of high and low tension mains. Further particulars will be found 
among our advertisements. 


Romford.—August 15th. Tenders for public lighting. 


Thorne (near) Goole,— August 15th, Tenders for 
public lighting. 


CLOSED. 

Amsterdam.—Messrs. Siemens & Halske, of Berlin, have 
received the contract for erecting a central station at Rotterdam for 
lighting and power purposes. The station will be on the continuous- 
current five-wire system. 

Blackpool.—The tender of the Brush Company for the 
electric lighting of the new covered market has been accepted. 

Liége.—The contract for the electric lighting of Liége is 
in the hands of the Compagnie Internationale d’Electricité (Pieper.) 


BUSINESS NOTICES, &c. 


J. A. Berly’s Universal Electrical Directory for 
1893 (12th year), 784 pp. This standard work contains a larger 
amount of trade information than any other similar publica- 
tion, and should be in the hands of every engineer or electrician. 
Free within the Postal Union for 4s. 


Stoneware Casings for Electric Mains.—Messrs. Doul- 
ton & Co. have been during the last few weeks, inviting electrical 
engineers and others to inspect an exhibition of their stoneware 
casings for electric mains and other articles used in connec- 
tion with the electrical industry. We referred to the casings ina 
paragraph in our issue for March 3rd. The illustrations which 
we now give show the mode of laying and jointing the lengths of this 
casing. A simple and efficient joint is shown in figs. 1 and1a. The 
ends of the casing when brought together are lapped round with a 
band of prepared canvas, and enclosed in a cast-iron trough open at 


C.LT. 


p, Portland or Bituminous Cement; c17, Cast Iron Trough; c 8, Canvas Band, 


Fic. 1.—Cross Section oF THREE- Fic. oF JOINT. 
Way Conpuit at Jornt. 


the top. The lower interior surface of the trough, before being 
placed in position, receives a layer of Portland cement, which is 
prevented from entering betwcen the casings by the canvas band. 
The trough is then filled to its upper edge with cement. A reliable 
joint can by this method be conveniently and rapidly made. Or the 
trough may be simply filled with bituminous or other cement, the 
canvas band being used as above described. A specially prepared 
compound, which forms a very suitable and rapidly-setting cement, 


WAU LE: 


c, Cement; c 1 T, Cast Iron Trough. 
Fia. 2.—Horizontau SEcTIoN OF Two-Way Conbuit at JoINT. 


is recommended for this purpose. These methods of simply con- 
necting the lengths of casing t> one another will satisfactorily meet 
all ordinary requirements. In cases, however, where it is considered 
advantageous to maintain the complete scparation of the ducts where 
the lengths are connected, the joint shown in figs. 2 and 2a, as 
applied to a two-way casing, may be adopted. The method is as 
follows:—The lengths of casing are laid in the collars with a small 
space between them. Mandrels with India-rubber heads are then 
introduced into the ducts, and when opposite the joint between the 
lengths are expanded by a simple screw arrangement. Molten 
cement is then poured in, and this fills up the space between the 


a, As introduced into duct; b, Expanded to close duct. 
24.—Derain or ExpanDING ManDREL. 


casings except where occupied by the mandrels. In two to three 
minutes the cement will be set, and the mandrels are unscrewed and 
withdrawn. In this way each duct may be kept entirely separate 
and continuous with a uniform section throughout the total length of 
the conduit. Small changes of direction at the joints can be made 


without interfering with the simplicity or security of above-named 
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modes of connection. In systems of distribution in which any con- 
siderable change of direction is effected by the introduction of a 
draw-box into the-line, Messrs. Doulton are prepared, if required, to 
provide specially made water-tight stoneware boxes with iron 


Yyy 
Wil 
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surface frames and covers to suit any requirements, where the 
opening does not exceed 2 feet 6 inches in its greatest dimension. 
Where cable T connections have to be made in a main after a line of 
conduit has been laid on this system, there is no difficulty in 
removing a length without injury to the cables previously drawn in, 
and substituting a service-box of stoneware or of ordinary brick. 


Continuous Current Transformers.—Mr. W. Mackie, 
of Turnmill Street, E.C., has lately designed and constructed a con- 
tinuous current transformer for testing meters, for Mr. W. H. Patchell, 
engineer-in-chief of the Charing Cross and Strand Electricity Supply 
Corporation, Limited. The machine consists of an ordinary inverted 
single (J magnet frame, shunt wound, and a double-wound Gramme 
armature, with a commutator at either end. The high-tension 
armature is worked off a 100-volt circuit, and is wound with 600 
turns of ‘042 inch copper wire, and connected to a 60-part commu- 
tator. The low-tension armature has three armatures in parallel with 
20 turns each of ‘102 inch copper wire, connected to a commutator of 
60 sections ; the brushes putting the armatures in parallel by being 
fitted so as to cover four sections. One of the chief features of the 


| 


machine is the entire absence of sparking through the whole range of 
its current output; at the same time the brushes are not required to 
be shifted for any variation of load. Consequently, mhchines of this 
type can be left unattended for very long periods. The test of the 
machine was as follows : 


| 


Revolutions. Amp., primary. Amp., secondary, 
812 271 0 
810 55 100 
815 59 110 
807 64 122 
770 775 150 


These machines should be of interest to all electrical instrument 
makers for use in calibrating meters, ammeters, and other electrical 
apparatus, besides giving electroplaters and kindred industries 
the means of using the street lighting mains. Where small lamps 
are now used in series in theatre lighting, these machines would 
enable them to be put in parallel, a decided advantage in the case of 


breakages of lamps. 


Elmore’s Wire Manufacturing Company,—lIn the 
Chancery Division of the High Court, on Wednesday last, the 
petition of Messrs. Beckett & Co. for the winding up of Elmore’s 
Wire Manufacturing Company, Limited, came on for hearing before 
Mr. Justice Vavghan Williams. Mr. Macnaghten appeared on 
behalf of the petitioners and stated that the petitioners’ debt had 
been paid, and he was told all the other creditors of the company 
had been paid. Under these circumstances he asked the Court to 
dismiss _ petition without costs. The petition was accordingly 
dismissed. 


Ernest Scott & Mountain,—This firm have secured the 
contract for the lighting of the Heckmondwike boot and shoe factory 
for the Co-operative Wholesale Society of Manchester. The installa- 
tion will consist of one of their improved compound vertical engines 
and dynamos combined, capable of running 600 16-C.P. lamps, with 
about 600 lamps, installed throughout the factory. Messrs. Scott 
and Mountain have also in hand the lighting of the Leicester Co- 
operative Society’s premises, the plant consisting of a Robey gas 
engine, Tyne dynamo with heavy turned fly-wheel, capable of 
feeding 300 16-C.P. lamps and about 300 lamps installed throughout 
the premises. They have also in hand the lighting of the Seaham 
Harbour Co-operative premises, the plant, in this instance, consisting 
of a 10 H.P. gas engine, compound-wound dynamo to run 200 lamps 
and 150 16-C.P. lamps and 2 arc lamps. We understand that the 
firm are extremely busy in their electrical department, having in 
hand the complete electric lighting of Craig House Asylum, Edin- 
burgh, the Huddersfield Technical School, the Huddersfield Parish 
Church ; four large combined engines and dynamos for the lighting 
of a Chilian and Japanese cruiser, and also the lighting of Messrs. 
Crossfield, Barrow and Company’s sugar refinery, in Liverpool. 


An Electrical Engineer Agency.—Under the failure of 
Albert F. A. Hervey, against whom a receiving order was made at the 
London Bankruptcy Court last month on a creditor's petition, 
accounts have now been filed showing total liabilities £1,995 1s. 7d. 
and a deficiency of £1,875 1s. 7d. The debtor makes no proposal 
and has been adjudged bankrupt. He states that from 1886 to 1890 
he was in the employ of a firm of electrical engineers, for whom he 
went to India for the purpose of establishing an agency, to expenses 
and loss in connection with which he chiefly attributes his insolvency, 
the latter being further explained by interest, law costs, &c. Further, 
that since 1891 he has been in the employ of a Messenger Company 
and is now in receipt of a salary of £275 per annum, but his agree- 
ment expires in October next. The liabilities include a sum of 
£76 10s. in respect of acceptances given for balance of costs of divorce 
proceedings instituted by the debtor in 1889. The creditors met on 
the 2nd inst ; no resolution was passed, and the case was left in the 
hands of the Official Receiver to be wound up in bankruptcy. The 
public examination of the debtor was appointed for August 15th. 


Blackpool Lighting and Tramways.—aAt last week’s 
meeting of the Town Council the following minute of the Electric 
Lighting and Tramways Committee was confirmed :—“ July 3rd. The 
committee considered and approved the following estimates presented 
by the borough electrical engineer: Electric lighting capital, public 
electric lighting by arcs, tramway maintenance, electric lighting, 
further necessary expenditure. Resolved, that the committee concur 
in the orders placed for transformers, meters, and fuses, as now 
reported by the borough electrical engineer. That the borough elec- 
trical engineer be desired to obtain estimates and prepare plans for 
moving the present tramway engines into the new electricity works. 
That the borough electrical engincer be instructed to proceed at once 
with the erection and furnishing of temporary offices at the new 
works. That the resolutions of this committee on January 27th and 
February 21st, 1893, in reference to certain lamp posts for public 
electric lighting of the promenade be and are hereby rescinded.” 


Business Alteration.—Mr. W. ©. Martin writes regarding 
the announcement made under this heading in our last issue :—“ As 
your paragraph in last week’s Review is somewhat misleading in 
stating my connection with Paterson & Cooper ceases after 15th inst., 
please be good enough to correct it, and state that I resigned my 
connection with that firm on July 15th. My business address in 
future wiil be: W. C. Martin & Co., Clydesdale Bank Buildings, 
Argyle Street, Glasgow. It may be of interest also to state that I 
have already several large contracts in hand, including the lighting 
of three large new steamers, two of which are to be fitted with Suez 
Canal search light plants, also several shops, to be lighted from 
central supply, and a few other ships to overhaul and repair.” 


Messrs. Drake & Gorham,—The contract for the 
lighting of old Warden Park, the country house of Major Shuttle- 
worth, has been entrusted to this firm. The plant includes 2 10-H.P, 
fixed boilers to supply steam to two horizontal engines made by 
Clayton & Shuttleworth, the power being also available for use in a 
workshop from either engine. The current will also be utilised for 
driving a motor for pumping water to the house, which dispenses 
with the small engine at present used for the purpose. The total 
number of lights fixed will be 350. 


Manchester Electric Lighting.—So far the number of 
customers for the supply of the electric light from the Corporation 
station to establishments within the area of supply is about 100. All 
the arrangements have not yet been completed, but a finish will be 
put upon them in the course of a few days. The applications have 
come from business premises, such as banks, warehouses and shops, 
and several hotels are also on the list. The Corporation do not con- 
template substituting electricity for gas in the lighting of any of the 
streets in the area of supply. 


New Issue.—The directors of the Salt Lake and Ogden 
Gas and.Electric Light Company are offering for public subscription 
$1,250,000 6 per cent. 25 years first mortgage gold bonds at £205 per 
$1,000 bond. The prospectus sets forth the company’s various objects 
and the undertakings purchased by them. The net earnings of the 
three undertakings acquired, was for the 12 months ended September 
30th, 1892, $131,185. The subscription list closes to-morrow (12th 
inst.) for London, and Monday (14th inst) for the country. 


Grimsby Theatre Lighting.—An application from Mr. 
Curry to the Corporation for permission to lay mains from his theatre 
for electric lighting has been referred to a committee. 
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Ambleside Proposed Electric Lighting.—The Hollo- 
way Electricity Company have intimated to the Local Board their 
intention to apply for a provisional order to supply electricity within 
the Ambleside Local Board district. The authorities are at the 
moment considering with the Gas Company the question of the pur- 
chase of the gas works. Consideration of the present proposal has 
therefore been deferred. 


Cooking by Electricity.—A private exhibition of cook- 
ing by electricity was given at the showrooms of the Manchester 
Edison-Swan Company, Limited, near the approach to Exchange 
Station, Manchester, on 4th inst. Mrs. Calladine, an experienced 
teacher of cookery, conducted the experiments, which were entirely 
satisfactory. 


Johnson & Phillips.—We have received a copy of this 
firm’s July list of oil insulated underground electric light mains. 
Some of the places at which these cables are in use are, the Royal 
Observatory, Greenwich, at Brighton, Chatham, Hong-Kong, &c., and 
also on a number of estates for private installations. 


Personal.—We are informed that Mr. Stephen Sellon 
has joined the technical staff of the Electric Construction Company, 
Limited. 

Mr. Johnson of the Sheffield Electric Light and Power Company, 
sailed by the Britannic on the 9th inst. for New York, en route for 
Chicago. 


Featherstone Electric Lighting.—Some time ago the 
Local Board entered into an agreement with Lord Masham to light 
North Featherstone with electricity. He now suggests that the 
Board should supply a number of suitable lamps to carry out the 
agreement. The lamps, we understand, are to be purchased at once. 


Electric Lighting in South London.—The London 
Electric Supply Corporation have notified the Bermondsey Vestry of 
their intention to lay mains in the following streets :—Long Lane, 
Staple Street, Weston Street, Elim Street, Wylds Rents, Edward 
Street, Star Corner, and Bermondsey New Road. 


Law's Electrical Appliances Company, Limited.— 
A general meeting of the above company will be held at the offices 
of Davidson & Morriss, 40 and 42, Queen Victoria Street, E.C., on 
September 6th, at 4 o'clock p.m., for the purpose of having an account 
of the winding up laid before them. 


Lectures. — Complete courses of instruction in civil, 
mechanic 1l, and electrical engineering have been arranged for at the 
Victoria University, University College, Liverpool. The 1893-4 
session commences October 2nd. More detailed information will be 
found among our advertisements. 


Oban Electric Lighting. —The Caledonian Electric 
Company have notified the Argyll County Council of their intention 
to apply for a provisional order for supplying electricity within the 
pwish of Muckairn. The matter is under the Council's considera- 
tion. 


Belfast Electric Lighting.—The Gas Committee, after 
having advertised for sites for an electric lighting station, submitted 
them to Prof. Kennedy and have now accepted the offer of Mr. John 
Thompson for a site in Chapel Lane, at a rental of £120. 


Winding-up Order,—Messrs. B. Verity & Sons, creditors 
for £40 for clectric lighting, &c., have petitioned for a compulsory 
winding up of the Brewers’ Exhibition Syndicate, Limited. Mr. 
Justice Vaughan Williams made a compulsory order. 


Coventry Electric Lighting.—The Electric Light Com- 
mittee has been instructed to lay the result of their investigation 
before the council. The question of the appointment of a consulting 
engineer will then be considered. - 


Ship Lighting.—A new steam yacht built for Sir John 
Burns, Bart., by Messrs. Barclay, Curle & Co., has been fitted with a 
= installation of electric light by Messrs. Harvie & Co., of 

asgow. 


Canterbury Electric Lighting Order,—The transfer to 

a company of the Canterbury Electric Lighting Order, 1891, as 

ig by the Board of Trade, has been approved by the Town 
ouncil. 


Footscray Electric Lighting.—The Footscray City 
Council, Australia, have invited information from electric light 
companies in reference to the cost of lighting the streets of the city. 


CITY NOTES. 


The Oxford Electric Company, Limited, 


THE odinary general meeting of the shareholders of the above com- 
pany was held on Friday, July 28th, at the offices of the company, 
45, Broad Street, Oxford. 

The Cuarrman (Sir H. Mance, C.1.E.), in presenting the rt and 
accounts for the last year, after she wat Be 4 detail the casio items 
of the profit and loss account and balance-sheet, said :—With regard 
to revenue, although that for the first week was less than 1 sovereign 
it steadily increased during the six months, the best week's receipts 


being £86. I observe that since December 31st the receipts have 
occasionally risen to nearly £100 for the week. The number of cus- 
tomers has increased to 70, that is, counting the colleges as one only, 
notwithstanding some of them have several hundred lights. We 
have at present an cquivalent of 5,060 8-candle-power lamps in- 
stalled. In addition to the public lighting the current is taken by 
9 colleges, 4 hotels, 5 clubs, 41 shops and houses, 1 theatre, 1 bank, 
1 church, and several private houses. With regard to reduction in 
expenses, we have thought it desirable to remove the management 
from London. It was felt that when once fairly launched the 
management of the Oxford Company might safely be left to a local 
staff. We are fortunate in having some of our directors resident on 
the spot, and we esteem ourselves still more fortunate that our rela- 
tions with the authorities of this city have been of an entirely satis- 
factory character. Mr. J. H. McLean has been appointed our 
engineer in charge, and Mr. H. Eeles our local secretary. We have 
ceased to pay rent for our London office, and these changes have 
resulted in much economy, without, I may say, impairing the effi- 
ciency. There is another way in which we have been reducing the 
expenses ; that is by greater economy in the use of coal. Of course, 
when a station is first opened there is sure to be more coal used than 
can be fairly accounted for by the production of the current, but our 
coal expenditure, which for the six months in 1892 amounted to £212, 
for the first six months of this year has been only £135, notwith- 
standing the great increased consumption of current. In like manner 
the cost of oil and general stores has been reduced from £73 to £17. 
Now, with regard to our system, which I believe is worked with 
fewer interruptions or fewer difficulties than any installation of 
similar size in the country. By the use of a supplementary trans- 
former we have been able to charge our batteries with much greater 
economy. We have also introduced improvements in the automatic 
switch used at the sub-stations, and Mr. McLean has designed a very 
ingenious apparatus which, suspended inside the arc light lamp post, 
puts out the lamps at any required hour, thus dispensing with the 
necessity for sending an attendant round during the night. Our 
compulsory area was High Street, Cornmarket Street, Magdalen 
Street, Broad Strect, and Catherine Street, but since starting the 
work we have made extensions to Turl Street, Queen Street, King 
Street, New Inv Hall Street, George Street, and Radcliffe Street. 
Other extensions have been made since the commencement of the 

year, but these will be referred to in a future report. On December 
31st the length of the trench work done amounted to 6,500 yards, 

containing 12,000 yards of Callender’s low tension mains, and 10,500 
yards of the Silvertown high tension India-rubber cables. The whole 
of this is in as perfect order as when laid. With regard to future 
prospects, perhaps the best thing I can do is to give you some extracts 
from the engineer’s last report.. He states: “The wiring of Univer- 
sity College is progressing favourably. The tutor's and master’s 
house will be commenced next Monday, and we have now: an order 
for University College, equivalent to 389 8-C.P. lamps. Balliol Col- 

lege has decided to add an equivalent of 150 lamps or thereabouts. 

Magdalen has placed an order for 200. Manchester New College will 
add 458 to our system. Tenders have been submitted to Trinity Col- 

lege for 204 lights, and I am hopeful they will decide at once. I 

anticipate that by the beginning of October we shall have an addi- 

tional 2,000 lights.” The directors have under consideration the 

introduction of a sliding scale of charges, which will lessen the cost 

of current and benefit not only the large consumers, but those who, 

having only a small number of lights, use: them continuously. I do 

not know that there is anything else to report, except that personally 

I am of opinion the prospects of the company are exceedingly hope- 

ful. I now beg to propose that the report and accounts be adopted. 

Ald. BuckELt seconded. 

The report and balance-sheet were unanimously adopted, and the 
chairman having referred to the desirability of the accounts -being 
audited locally in concert with the auditor appointed by the Town 
Council under the regulations of the Board of Trade, Mr. W.-S. 
Carver was appointed auditor for the present year on behalf of the 
company, and the proceedings terminated. 


_ Liverpool Overhead Railway. 


TxE ordinary half-yearly meeting of the Liverpool Overhead Railway 
Company was held on Tuesday last at the Law Association Rooms, 
Cook Street, Sir W. B. Forwood presiding. He was supported by 
Messrs. J. Barrow, J. Brancker, H. Brocklebank, R. Hobson, G. H. 
Robertson, J. H. Greathead, S. B. Cottrell, and W. H. Alexander. 
The Cuatrnman said: Gentlemen, it affords your directors very 
great satisfaction to meet you on this, the first annual meeting after 
the completion of our overhead railway. This feeling of satisfaction 
is very much increased by the fact that the railway, both in its con- 
struction and in its electrical equipment, has been most successfully 
carried out. Very rarely indeed has an undertaking of such magni- 
tude, involving so many considerations of the highest scientific im- 
portance, been so successfully inaugurated. From the first week after 
the railway was opened for public traffic we have maintained a 
regular and reliable quick service of trains, and to-day, although we 
are running a five minutes’ service, 94 per cent. of our trains are on 
time, and of the remaining 6 per cent., 3 per cent. are irregular only 
to the extent of a few seconds. Yesterday we ran a three and a-half 
minutes’ service without a hitch. For this excellent result we are 
indebted to the skill of our engineers, Sir Douglas Fox and Mr. 
Greathead, whom I am glad to see here to-day; the good work given 
to us by our contractors; and last, though by no means least, the 
attention and care of our genzral manager and engineer, Mr. W. 
Cotterell. Your directors only modestly claim credit for having in- 
sisted upon having first-class work both in the construction and the 
equipment of the railway, and also in having everything thoroughly 
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and carefully tested before opening the line for traffic. The accounts 
presented to you to-day embrace a period of rather more than sixteen 
weeks. We carried during that period 1,370,742 passengers, or at the 
rate of 4,300,000 per annum. It is estimated that the penny omni- 
puses at present running in competition with the railway are carrying 
at the rate of 2,000,000 passengers per annum, thus making the traffic 
already developed along the line of docks over 6,000,000 passengers 

rannum ; and this during a time of great commercial depression, 
when the shipping trade of the port has been paralysed. This de- 
pression has affected the railway in a curious way. Usually the 
roadway fringing the docks is so blocked with carts and lorries con- 
veying merchandise as to make quick vehicular traffic impossible. 
At present the goods traffic is so light that the omnibuses have been 
able to make very fair running time. This, coupled with the extra- 
ordinary fine weather, has no doubt given them a larger proportion 
of the passengers than will, with ordinary conditions, fall to them. 
We are every day developing new sources of traffic. A ride up in 
the Electric Overhead Railway has become an important item in the 

rogramme of every well-conducted excursion ; and although our pre- 
sent northern terminus is nearly a mile away from the Seaforth shore, 
we carry large numbers destined for Seaforth. This induced your 
directors to expect a large increase of traffic on completion of the 
northern extension. While we are thus engaged in endeavouring to 
increase the number of our travellers, we are not unmindful of 
making such economies in our working expenses as may be prac- 
ticable, having due regard to the efficiency of the service. Electrical 
traction, combined with automatic electric signals and lighting, 
should make a very cheaply worked line, and we believe, when we 
take the electrical generating station into our own hands, we 
shall effect a considerable saving. But we have, however, never re- 
gretted having placed this part of our system in the hands of 
the Electric Construction Corporation, to work for us, until it 
has been thoroughly tested. You will notice that the result of our 
16 weeks’ working has been that, after paying all working expenses, 
rates and taxes, and general charges, there is a balance to the credit of 
the net revenue account of £5,361 15s. Deducting from this interest on 
debentures and the dividend due on our preference capital, we arc 
left with a balance of £3,293 9s. This is equal to about 24 per cent. 
on our ordinary capital for the time we have been at work. Your 
directors recommend that the balance be carried forward. The amount 
of share capital issued is £450,000, and of debenture stock £125,000. 
This your directors estimated would complete the railway, including 
the northern extension to Seaforth, but we find we have to provide 
about £11,000 to settle the contractors’ bill of extras, and a further 
amount for new stations. We also consider we ought to have a sum 
in hand as working capital to provide for these items. We to-day, at 
a special meeting, ask you for power to issue the remainder of the 
preference capital. We shall, of course, only issue such an amount as 
may be necessary ; we are unable at present to define the amount, as 
a good deal depends upon the settlement of our accounts with the 
Dock Board. These accounts are now in course of adjustment. The 
northern extension is being proceeded with, and should be completed 
by the end of the year. In conclusion, I have only to repeat what I 
have said before, that in the overhead railway we have a very valuable 
property, with a sure and, I think, rapidly progressive future. There 
have been many in Liverpool who have been sceptical as to the extent 
of our traffic, aud the estimate we put forward in our prospectus of 
5,000,000 passengers per annum was deemed extravagant. We have 
only been running for four months, yet we sec a total traffic developed 
of over 6,000,000 per annum. It is the old, old story, give rapid, 
frequent, and cheap means of travel through a populous place and 
you cannot fail to create an unlooked-for and unexpected amount of 
travel. These conditions exist on our railway, and I fcel certain you 
will not be disappointed. No one who has witnessed the marvellous 
development of local travel which bas followed the opening of the 
overhead railway in New York can doubt that a similar development 
will take place on the Liverpool Overhead Railway. We are uot as 
fully supported by our merchants and shipowners as we had a right 
to expect, for the railway was mainly constructed for their conveni- 
ence, and to enable them to economise in their working expenses. 
Cotton porters, ship people, and passengers still largely use the ‘buses, 
though the loss of time in doing so is very considerable. I think we 
may fairly ask the mercantile public to take a little trouble to see that 
their workpeople make use of the railway. We have also introduced 
cheap workmen's return tickets. Return tickets for 2d. are now 
issued up to 8a.m., which are available for return during any hour of 
the day. We shall consider further concessions in this direction. 
We see our way to a considerable increase of our excursion traffic next 
year, and we are every day drawing more and more passengers from 
those parts of Bootle and Toxteth Park in proximity to the railway. 
To give you an idea of the earning capacity of the railway, in conse- 
quence of the fire at the North End, we yesterday carried 47,456 pas- 
sengers, our earnings for the day making £413 14s. 3d. The chair- 
—— by moving the adoption of the report and balance- 
sheet. 

Mr. Hoxgson seconded the motion, which was unanimously 
approved of. 

The Cuargman then moved: “That a dividend of 5 per cent. up 
to June 30th last is hereby declared upon the preference shares at 
the rate of 5 per cent. per annum, less income tax, and that the 
balance of net revenue account be carried forward to next half-year.” 

Mr. Hopson also seconded this motion, which was adopted. 

A SHAREHOLDER asked whether the directors could not provide 
better ventilation in the cars, about which there had been many com- 
plaints. Some people had said that it was as much as their lives 
were worth to enter the cars during the late hot weather. 

The CuarrmaN replied that the directors were quite sensible of the 
absence of proper ventilation, but they had now a scheme in hand 
which he believed would be entirely satisfactory. 

A special meeting was then held, 


The Cuatrman moved: “That the directors be and they are hereby 
authorised to issue 4,500 preference shares of £10 each (being the 
unissued portion of the 12,000 preference shares of £10 each, bearing 
interest at the rate of £5 per cent. per annum, created by the company 
on January 10th, 1893), in such amounts and manner, at such times 
and on such terms, as they may think fit.” 

Mr. Hopson seconded, and the resoiution was carried. 

A SHAREHOLDER asked if there was any prospect of extending the 
line southwards. 

The CHarrMaN said many of them were of opinion that the line 
should be extended from the Herculaneum Dock to a junction with 
the Cheshire Lines Railway, and thought they would get a very large 
traffic from Gateacre, Garston, St. Michael’s, and other districts. 
They had already Parliamentary powers to do this and more, but 
they had given a pledge to the shareholders not to go beyond the 
Cheshire Lines without obtaining their sxnction. ‘The extension, 
however, ought not, he thought, to be long delayed, and then the 
vusiness parts of the city would be in full communication with the 
residential districts. 

The resolution was carried, the CHalRMAN promising that in the 
allotments of the new preference shares due regard would be given 
to ordiuary shareholders. 

The proceedings closed with a vote of thanks to the chairman. 


Cuba Submarine Telegraph Company, Limited. 


THE report of the directors for the half-year ending June 30th, 1893, 
to be presented at the meeting on the 16th inst., states that the gross 
receipts (including the balance brought from last account) amount to 
£25,151 15s. 114., and the gross expenditure to £6,749 8s. 5d., leaving 
asum of £18,402 7s. 6d. to the credit of rerenue account. Of this 
the sum of £1,500 has been sct aside as a reserve agaiust any loss 
from the deposits with banks, and £5,500 added to the reserve fund, 
making that fand £100,000. The dividend on the preference shares 
will absorb £3,000, and leave £8,402 7s. 6d., out of which the directors 
recommend the payment of a dividend on the ordinary shares at the 
rate of 8 per cent. per annum, free of income-tax, the balance, 
£2,002 7s. 6d., being carried forward to the current half-year's account. 
In view of the probable reduction of rates, at no very distant date, 
the board has determined to carry forward a larger balance than usual, 
towards meeting any diminution of the net income during the earlier 
period of the change. ‘lhe main cables have continued in good order 
throughout the half-year with the exception of the Batabano- 
Cienfuegos 1870 cable, which underwent some repairs in March. The 
cost of these and of the New Harbour lengths, referrea to in last 
report, appear in the present accounts. No decision has yet been 
given in the company’s suit against the Spanish Government at 
Madrid, but efforts are being made to bring the case to a conclusion. 
The director who retires from the board at this time is Mr. George 
Keith, who, being eligible, offers himself for re-election. Mr. John 
Gane, the auditor, also retires, and offers himself for re-election. 


Birmingham Central Tramway Company, Limited. 


THE report of the directors for the year ended June 30th last states 
that the balance at revenue account amounts to £24,216, to which, 
with £13,922 brought forward, makes £38,138. The directors re- 
commend that £20,000 be placed to reserve; that the payment of the 
dividend upon the 5 per cent guaranteed shares be coufirmed ; that 
a dividend of 24 per cent. for the year ending June 30th last be paid 
on the ordinary shares, amounting to £9,700; and that the balance 
of £3,438 be carried forward. Notwithstanding tne statements which 
have been made concerning the affairs of the company, the audited 
accounts sustain the reassuring statement made by the chairman of 
the board in his circular letter of June 12th. The balance of £9,303 
due to the bankers on June 30th, 1892, has been repaid, and on June 
30th last the bankers held the sum of £8,623 to the credit of the 
company. Accompanying the report is an auditors’ special certificate 
that the company have debentures to the amount of £18,000 avail- 
able for issue, if and when thought advisable; aud that the reserve 
fund is invested in the most legitimate manner in the development 
of the resources of the company. 


Manchester Edison and Swan Company, Limited,— 
The directors’ report, presented at the meeting of this company (of 
which we published a short account last week), states that the net 
profit, including balance brought forward, amounved to £2,047 14s. 9d. 
Out of this a dividend of 5 per cent. is to be paid, £173 193. 9d. car- 
ried forward, and £872 15s. set down to provisional account re Wil- 
liamson Electrical and Engineering Company, Limited. 


TRAFFIC RECEIPTS. 


The City and South London Railway Company. The receipts for the week 
ending August 6th, 1898, amounted to £801; week ending August 7th, 
1892, £919; decrease £115; total receipts for half-year, 1894, £4,220; 
corresponding period, 1892, £3,940; increase £286, 


The Great Northern Telegraph Company. The traffic receipts in July. 
1893, were £24,000; January Ist to July Sist, 1893, £156,800; corres- 
ponding months, 1892, £152,000; corresponding montbs, ls¥1, £165,800. 

The Western and Brazilian Telegraph Company, Limited. The receipts for the 
week ending August 4th, after deducting 17 per cent. of the gross 

receipte payable to the London Platino-brasilian Telegraph Company 

Limited, were £2,984 
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SHARE LIST OF ELECTRICAL COMPANIES. 
Closing Closing Business done 
Present Stock or uotation, a 
100 | 99 —102 
195,1007| African Direct Tel Ltd., c., Deb. Regd. and to Besrer 
1,134¢401| Anglo-American Telegraph, Limited | Stock | 484— 49 — 50 | 
‘2,932,680? Do. do. G6p.c.Preferred ... owe | 914— 924xd} 92 — 93xd) 924 914 
2,876,140! Do. do. Defe 9—9 9} — 10 97 
30,000 | Brazilian Submarine Telegraph, Limited 10 112— 123 129 1276} 
36,4007 Do. do. 5p.c. Bonds... 100 99 —103 xd) 99 —-103 xd)... 
75,0007 Do. do. 5 p.c., 2nd Series, repayable i in J une, "1906 :. 100 107 —111 107 —111 aa sie 
77.978 | Brush Electrical Engineering Ordinary, Nos. 1 to 63,416... .. 3 3 34 3t 
75,000 Do. do. Noncam.6 p.c. Nos. 1 to 63,416 2 2— 2} 24— 28 24 
125,0007 Do. do. 4% percent. Debenture Stock Stock | 107 —109 107 —109 1034 ons 
20,510 Charing Cross & Strand Electricity Supply 4 fot 718, } 5 5 — 54xd 5 — 
44,000 | Chili hone, Limited, Nos.1t0 40,000 ... awe 5 2h 
630,0007 | City and South London Railway . | Stock 35 — 37 35 — 37 es vee 
40,000 | City of Elec. Lighting Co., Ltd., Ord. "49,001-80,000 10 107-114 10¢— 113 10? 
— Do. do. 6 p. c. Cum. Pref., Nos. 1 to 20,000 10 124— 13 124— 13 123 123, 
$7,715,000 | Commercial Cable, Capital Stock _—... $100 138 —142 120 —130 “ ve 
'850 | Consolidated Telephone Construction and Maintenance, Limited 14/- — 2 
20,000 | Crompton & (o., Ltd, 7 p.c. Cum. Pref. Shares, Nos. 5 4¢— 5} 5} 
do. 5 p. c. lst Mort. Debs., 1—400 of £100, an ae oe 
16,900 | Cuba Tel ited ~ 
12,931 | Direct Telegraph, (£4 only paid) 5 24— 34 24— 34 
,000 do. 10 p. c. Preference 5 9 —10 9 —10 94 
60,710 Direct U United States Cable, Limited, 1877... 20 12 113— 12 12 11g 
400,000 | Eastern Telegraph, Limited, Nos. 1 to 400,000 10 15 xd) 15 xd 15 14} 
70,000 Do. 6 p.c. Preference ... 10 16$— 163xd| 16}— 16jxd) 
105,9007 Do. : p.c. Debs. (1879 issue), repay. " August, 1899 100 106 —109 xd\ 106 —109 ae se 
1,294,1007 Do. 4 p.c. Mortgage Debenture Stock Stock | 112 —115 112 -11 
250,000 | Eastern Extension, Australasia and China Telegraph, Ld Limited ... 10 153 — 153 153 153 154 
70,6002, { Do 5 (Aus. Gov. Bub.), Deb., » 1908, } 100 | 102—105 | 152 —105 
250,2007| Do. do. Bearer Nos. 1050—9,975 and 4,327—6,400 ... 100 102 105 102 —105 1038 | 103 
$20,00027 Do. 4 c. Debenture Stock Stock 111 —114 xd} 111 —114xd|... 
Eastern and South African Telegraph, Ltd., 5 p.c. Mort. Deb. 1900 } 101 — 101 — 102 
146,8007 Do. do. do. to bearer, Nos. 2,344 to 5,500 eee 101 —104 101 —104 102 ° 
300,0007 Do. do. 4p. c. Mort. Debs. Nos. ‘1 to 2016, red. 1909 100 101 —104xd) 101 —104xd)_ ... 
49,900 | Electric Construction, Limited, Nos. 101 to 45,100 ... 10 2 2 
19,900 |*Electricity Co. of Spain, Nos. 101 to 20,000 ove 5 eee tee 
100,000 | Elmore’s French Patent Copper Depositing Co., Ltd, Nos. 1 to 66,750 2 3 
91.195 | Elmore’s Patent ting, Limited., Nos. 1 to 70,000 ... 2 
67,385 | Elmore’s Wire Mfg., Ltd. Nos 1 te 1 to 67,385, issued at 1 p.m., all 2 t— vee 
20,000 | Fowler-Waring Cables, Nos. 301 to to 20,800 vs. (£4 108. only paid) 5 1— 2 1— 2 an “ 
180,227 | Globe Telegraph ont 10 94— 98— Ygxd) 9% 98 
150,000 | Great Northern Com y Copenhagen 0 
200,00027 Do. ma 5 p. c. Debs. (issue ‘of 1883) ia 100 105 —108 105 —108 107 = 
12,1347) Greenwood and Batley, Ltd, , Nos. 4667 to 14,000... 10 44— 5) 5} 
9,6002 Do. p.c c. Cumulative Preference, Nos. 2,667 to 8,000 10 6— 7 6— 7 one se 
50,000 | India-Rubber, Gutta Percha and T ph Works, Limited .. 10 214 - 224 214— 224 224 219 
200,0007 Do. do. 44 100 102 —104 102 —104 
17,000 Indo-European Telegraph, Limited ... sae spb 25 39 — 42 39 — 42 405 394 
11,334 | International Okonite, Ltd. Ordinary Noe, 22,667 to $4,000... ... 10 24 24 
30,000 |tLiverpool Electric Supply, £3 10s. paid... .. 5 475 | 4 475 
10,000 do. aid eee eee eee eee 5 64 64 6 64 
$7,518 | London Platino-Brasilian , Limited 10 4— 6 4— ove 
100,0007 Do. "6 p.c c. Debentures 100 107 —110 107 —110 
49,900 *Metropolitan Supply, Ltd, Nos. 6,101 to 50,000 (£9 pai 10 - 5i— 64 
50,0007 Do. p.c. debentures, 1to5, 000 in bonds of ‘£10, £20 102 —105 102 —105 ove 
15,000 | Monte Video Telephone Co., Nos. 1 to 15,000 fully paid’... 5 1i— 25 1j— 25 . 
28,000 Do. do, . ¢. Pref., Nos. 1 to 28,000 fully paid 5 © ves wes 
453,867 | National Telephone, Limited, Nos. 1. t0 438,984 5 44— 4fxd) 4jxd) 43 4} 
15,000 6 p- Cc. Cum., 1st Preference eee eee 10 144— 15 xd 144— 154xd 15} 
15,000 De. 6. p.c. Cum. 2nd Preference... 10 14 — 144xd) 14 —14jxd) 143 
90,950 c. Non-cum. 8rd Pref,, Nos. 1 to 90,950 .. 5 5t— 54x 
726,471 Dek, Prov, Gate tates | | 110-113 | 1124" | 1104 
48,8007 | New hone, Limited, Nos. 25,901 to 74,700 paid) 10 
6,451 | Notting Electric Lighting Company, Limited, fully re 10 5— 6 $= 6 oe eee 
220,000 | Oriental Telephone, Ltd., Nos. 80,001 to 300,000 (ile a paid) 1 _ eee “ “ 
100,0007| Pacific and European Tel., Ltd., 4 p. c. Guar. Debs., Nos. 1 to 1,000 100 100 —103 100 —103 toe oes 
11,802 | Reuter’s Limited ... 8 4h— 54 44— 54 
18,680 | St. James’s & Pall Mall Electric Light ‘Co, Ltd., Ord., 101—18,780 5 6i— 6; 6i— 67 68 os 
20,000 Do. do. 7 per cent. Pret, Nos. 20,081 to 40,080 5 8}xd) 7¢— 83xd) 8% 
3,381 | Submarine Cables Trust Cert. 116 —121 115 —120 aes ae 
78,949 | Swan United Electric Light, Limited .. (£34 only paid) 5 2— 24 2— 2 Ses oe 
37,350 | Telegraph neta and Maintenance, Limited . Phas 12 83 — 35xd| 33 — 35xd) 344 33} 
_ 150,0007 Do do. . Bp.c. Bonds, red. 1 1894 100 101 —104 101 —104 1034 | 102 
58,000 United River Plate Telephone, Limited eee eee eee eee 5 2 24 2 24 eee 
146,370 5 Debenture Stock 90 —100 90 — 100 
15,609 | West African Limited, New 7,501 to 23,109... 10 64 54—_ 6) 
260,9007 Do. do. c. Debentures 100 99 —102 99 —102 
30,000 | West Coast of America Telegraph, Limited ...  ... on 10 3— 4 24— 3% vee ” 
150,0002 Do. do. do. 8p. D Debs., repayable 1902 100 97 —101 97 —101 
4,242 Western and Brasiliaa 15 7— 7 72 wee 
33,129 Do. 5 p. Gun. 7 64 6 
33,129 Do. fo. 5 p. c. Deferred 14— 2 3 1j 
178,200/ Do. do. 6p.c. De “ar igio 100 103 —106 —106xd| ... 
222,700 Do. 6 Mort. Debs., series B” of ’80, red. Feb., 1910 100 103 —106 xd) 103 —106 xd) 1044 
88,321 | West India and ph, 10 18 1— lta 1g 
34,563 Do. do. ’ 6 p.c. 1st Preference... 10 104— 11 103; 103 
4,669 Do. do, 6 p. c. 2nd Preference 10 9 —10 9-10 , 
80,0002 Do. 5 per cent debentures (1917) No. 1 to 1,000 100 105 —108 105 —108 j.| 107} 
$1,214,000 | Western Union 8. ,7p.c. Ist $1,000 120 —125 120 —125 
169,0007 Do. 6p. c. Sterling 100 100 —103 101 —104 
59,900 |*Westminster Electric > Supply Corp., Ord., Nos. 101 to 42,953 ise 5 5 — 5)xd 5 — 5hxd 


+ Quotations on Liverpool Stock Exchange. 


t Unless otherwise stated all shares are tally an 


LATEST QUOTATIONS OF SECURITIES NOT OFFICIALLY QUOTED: 


6.—Brus! 


1 .—Founders’ shares, .—House to House (£5 1 
of £1 and Knightsbridge trie Lighting C Compan: 
£5 (fully id) 6—64.—Manchester, Edi: 29 (21 


6 per cent. 
cent, Pt. £10 Dabentares. 191—108, 


h Compan: 


pany 44 per cent. Debenture stock, issued at 1 per cent. premium, 100— 


lectric and 


Company, Ordinary £5 
Investment, shares of £5 (£1 paid’, 
7 per cent. of £5, 5—5;.—Do. 6 per Debentures 


£65 (fully Like lst and’ E Cum 


ited, Ordinary Shares 
paid), $—f.—Queen Anne’s 
Bank rate of discount, 3 per cent. (August 3rd, 1898), 
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PROCEEDINGS OF SOCIETIES. 


Physical Society, June 23rd, 1893. 


Prof. A. W. Rucker, M.A., F.R.S., President, in the chair. 

Prof. J. Core, M.A., was elected a member of the society. 

Mr. F. H. Naupzer exhibited a bridge and commutator for com- 
paring resistances by Prof. Carey Foster's method, the chief features 
of which are simplicity, compactness, long range, and great accuracy. 
The commutation of the coils to be compared is effected by mercury cups, 
the eight holes necessary for this purpose being arranged in a circle. 
An ebonite disc ing the four connectors is mounted on a spindle in 
the middle of the circle, and the positions of the coils are interchanged 
by rotating the disc through 180°. A large range is secured by pro- 
viding a number of interchangeable bridge wires, and a fine adjust- 
ment for the galvanometer key enables great accuracy to be attained. 

Mr. W. R. Prpazon and Mr. J. WrmsHurst each read a paper on 
“ An Influence Machine,” and exhibited their machines in action. In 
designing his machine, Mr. Pidgeon has endeavoured, first, to make 
the capacity of each sector large when being charged, and small when 
being discharged ; second, to prevent leakage from sector to sector as 
they enter or leave the different fields of induction ; and, third, to in- 
crease the capacity of the machine by making the sectors large and 
numerous. e first object is attained by arranging fixed inductors 
of opposite sign tothe sectors near the charging points, and of the same 
sign near the places of discharge. Objects two and three are secured 
by embedding the sectors in wax, run in channels in the ebonite discs, 
which form the plates of the machine, and carrying wires from each 
sector through the ebonite, each wire terminating in a knob. In this 
way the sectors can be placed much nearer together than otherwise, 
without sparking back. By setting the sectors skew with the radius, 
they are caused to enter the electric fields more gradually, conse- 
quently the potential difference between adjacent sectors is kept 
comparatively small. Experiment showed that the use of the 
stationary inductors at the charging points increased the output 
three-fold, and, as compared with an ordinary Wimshurst, the output 
for a given area of plate passing the conductors was as 56:1. The 
recovery of the sadkinn after a spark had occurred was particularly 


rapid. 

Mr. Wimshurst’s new machine consists of two glass discs 3 feet 
5 inches diameter, mounted about ? inch apart on the same spindle ; 
both plates turn in the same direction. Between the discs are fixed 
four vertical glass slips over 4 feet long, two on each side, and each 
covering about three-eighths of adisc. Each slip carries a tinfoil induc- 
tor, which hasa brush, touching lightly on the inside of the adjacent disc 
on its leading edge. Collecting and neutralising brushes touch the 
outsides of the discs and the few metallic sectors attached thereto. 
An account of some experiments made to determine the efficiency of 
the machine was given. The author also showed that when all the 
circuits of the machine were broken, it still continued to excite itself 
freely and sparked from the discs to the hands when brought near. 


In a written communication Prof. O. Lopes said his assistant, . 


Mr. E. E. Robinson, constructed a machine on lines similar to 
Mr. Pidgeon’s a few months ago, and had now a one nearly com- 
pleted. Mr. Robinson’s fixed inductors are carried on a third plate 
fixed between the two movable ones. The sectors are quite small, 
and neither they nor the inductors are embedded. On close circuit 
the machine gives a large current, ;5455th ampére, and on open cir- 
cuit, exceedingly high potentials. In Dr. Lodge’s opinion Mr. Pidgeon 
attaches too much importance to his sectors and their shape. 

Mr. J. Gray wrote to say that stationary inductors enclosed in in- 
sulating material would probably give trouble at high voltages, because 
of the surface of the insulator becoming charged with electricity of 
opposite sign to that on the inductor. He suggested that this might 
explain why Mr. Pidgeon could not obtain very long sparks. 

Prof. C. V. Boys enquired as to how far the wave made insulating 
union with the ebonite, for if good, glass might possibly be used 
instead of ebonite. He greatly appreciated the design of Mr. 
Pidgeon’s machine. 

After some remarks by the President on the great advances which 
had been made, Mr. Pidgeon replied, and Mr. Wimshurst tricd some 
further experiments with a small experimental machine. 

A paper on “ A New Volumenometer,” by J. E. Myzrs, B.Sc., de- 
scribing the developed form of Prof. Stroud’s instrument, was, in the 
absence of the author, taken as read. 

Mr. R. W. Pavt exhibited a compact form of sulphuric acid volta- 
meter of small resistance. The vultameter is a modification of a 
pattern designed at the Central Institution, in which the rate of 
decomposition is determined from the time required to fill a bulb 


made in the stem of a thistle funnel. He also showed a handy form 
of Daniell cell devised by Prof. Barrett. When not in use, the porous 
pot containing the zinc is removed from the copper sulphate solution 


and placed in a vessel containing zinc sulphate or sulphuric acid. 


A paper on “ Long Distance Telephony,” by Prof. J. Purry, F.R.S., 
assisted by H. A. BEEsToN, was read by Prof. Parry. The case of 
a line of infinite length, having resistance capacity, self-induction 
and leakage, is taken up, and the state of a signalas it gets further 
and further away from the origin is considered. Taking the shrillest 
and gravest notes of the human voice to have frequencies of about 
950 and 95 respectively, the distance from the origin at which the ratio 
of the amplitudes of these high and low frequency currents is lessened 


by 5, th of itself, has been determined when m = 4 for different 


values of leakage and self-induction ; and, under similar conditions, 
the distances at which the relative phases of the two currents become 


altered by th of the periodic time of the most rapid one, have been 


worked out forn=6. The results are given in the form of tables, from 
which it appears that, if there was no self-induction, increasing the 
leakage increases the distance to which we can telephone, whilst, if 
there was no leakage, increasing the self-induction increases the dis- 
tance. When self-induction and leakage are not too great, increasing 
either increases the distance, and for particular values the distances 
become very large. At the end of the paper, tables of general appli- 
cation are given, from which the limiting distances for any line can 
be readily found by multiplying the numbers by simple functions of 
the constants of the line. 

Mr. BuaKESLEY said that some 10 years ago he discussed the sub- 
ject where capacity and resistance were alone considered, and now 
pointed out that when self-induction and leakage were introduced 
the equations were still of the same form. He also suggested how 
terminal conditions on lines of finite length might be easily taken 
into consideration. 

Prof. Perry, in reply, said the introduction of self-induction and 
leakage rendered the calculations much more laborious, and that the 
terminal conditions were much more complicated than Mr. Blakesley 


supposed. 


ON THE POTENTIAL DIFFERENCE RE- 

- QUIRED TO PRODUCE A SPARK BETWEEN 
TWO PARALLEL PLATES IN AIR AT DIF- 
FERENT PRESSURES.* 


By J. B. PEACE, M.A., Fellow of Emmanuel College, Cambridge. 
Communicated by Prof. J. J. THOMSON, F-.R.S. 


Introductory. 

The following is an account of an investigation into the relations 
between potential difference, spark-length, and pressure when dis- 
charge takes place between two parallel plates in air. The in- 
vestigation was undertaken at the suggestion of Prof. J. J. Thom- 
son, and has been carried out in the Cavendish Laboratory in 
Cambridge. 

Preliminary experiments were made in July and August, 1890, in 
which a small Wimshurst machine was used, and the potential differ- 
ence was measured by one of Lord Kelvin’s vertical electrostatic volt- 
meters. For sparks of some length fairly consistent results were 
obtained, but in the case of short sparks accurate measurement of the 
potential difference was difficult. Use was then made of a large 


w P, To water pump; v, To the voltmeter; c,, To the cells. 


1. 


number of small secondary cells, and, at the same time, more accurate 
measurements of the spark-length were made. At first about 500 cells 
were used, so that the steady potential differences, ranging up to 
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about 1,000 volts could be maintained, and a differences up to 
about 0°1 mm. were examined. The results of these exporiments 
showed very fair agreement with those of other observers; they were 
sufficiently consistent among themselves to show that the cells could 
be relied on. More cells were therefore set up, and all were carefully 
tested as to equality, rate of fall of charge, &c. 

Apparatus was then constructed by which discharge at different 
pressures could be examined. Description of this apparatus, which 
is sketched in fig. 1, and an account of the method. and results of 
observations made with it in July and August, 1891, are given in 
Part I. At first some difficulty was found in making the bell- 
jar and its connections sufficiently air-tight, but when this was over- 
come an effect similar to that observed by De la Rue and Miiller in 
discharge in exhausted tubes became apparent; that is, it was found 
that, as the pressure diminished, the potential difference required to 
produce a spark across a given distance fell to a minimum value, and 


Potential difference in volts. 


Pressure in millimetres of mercury. 


was decided to make a more direct investigation, and with this view 
pn was constructed and observations made in April, 1892. 

his apparatus is described, and the results obtained are recorded in 
Part II. The observations were confined to pressures ranging 
from 2 or 3 up to 50 mm. of mercury, and the results confirmed and 
extended those formerly obtained. 


Parr I. 

A sketch of the apparatus used is given in fig. 1. An inverted 
bell-jar, communicating with a water-pump, had its mouth ground 
and fitted with a brass cover,c. This cover carried the attachments of 
the discharge plates, p, P, and the micrometer screw,s. The screw 
had a pitch of »A,th inch, and its head was graduated in hundredths 
of a revolution. A short steel rod, fixed to the sliding frame of the 
screw and working through a stuffing-box in the centre of the cover 
c, carried an insulating block, to which the upper discharge plate 


ad Bd = 01; = 002; Dd = 1004 d = 008; Fd = 02; G di= 04; Hd = ‘O8inch., 


Fia. 2. 


could be readily attached. The lower plate was fixed to an ebonite 
disc which was rigidly suspended from the cover c. The plates were 
of brass, highly polished, and were about 2§ inches in diameter. The 
lower plate was plane, the upper was slightly convex, having a radius 


Electrostatic force, C.G.S. units, 


Pressure in millimetres of mercury. 
ad = 0004 inch; B, d = ‘001; cd = pd = ‘004; Ed = 008; ¥ d = ‘02 inch. 
Fia. 3. 


then began to increase rapidly. To examine this effect more fully, 
the observations were confined to pressure ranging from 20 to 
300 mm. of mercury, the water-pump which was used, and the 
stuffing-box through which the sparking distance was adjusted, not 
admitting of observations at lower pressures. The results of these 
observations are tabulated, and appear in the curves in figs. 2, 
3, and 4. 

When these results were examined and compared, it was found 
that the curves connecting potential difference and pressure not only 
exhibited the minima above mentioned, but also crossed each other, 
sh. wing that at low pressures the shcrtcr spark required the greater 
potential difference. As thir seemed a point of some importance, it 


Potential difference in volts. 


Spark length in inches. 
1., Pressure = 20 mm.; 11., = 50 mm.; 111., = 100 mm.; Iv., = 200 mm. 
v., = 800 mm. 


Fria. 4. 


of curvature of about 9 inches. Short flexible wires passed from the 
plates to insulated terminals passing through the cover. From these 
terminals leads to mercury cups, M, by which connection could 
be made, on the one hand with the leads of the telephone 1, and, on 
the other hand, with leads passing to the secondary cells and to the 
voltmeter. 

The cells were arranged in groups of 18 in series ; for charging the 
groups they were arranged in parallel; for spark discharge they were 
arranged in series, while the leads passing to m could be connected to 
the terminals of any required number of cells. In the discharge 
circuit there were also a simple make-and-break key and a very high 
resistance, the latter to prevent the setting up of an arc di rge 
between the plates. This resistance was usually a black-lead line on 
a strip of ebonite 
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The path from the bell-jar to the pump passed through sulphuric 
acid, and was also connected to a mercury gauge,G. Air could be 
admitted to the jar through the stop-cock x, after passing through 
cotton wool and sulphuric acid. 

The following was the usual course of a series of observations :— 
While the cells were charging, which generally occupied about one 
half-hour, the plates were polished and fixed in position, the cover 
fitted to the mouth of the bell-jar, and the pump put in action. The 


To the ceils. 


M Pp, Mercury pump; w p, Water pump. 


5. 


screw reading for contact of the plates was taken, the upper plate 
being moved downwards till contact took place and completed the 
telephone circuit. The plates were set at. any required distance 
apart, the upper plate being, in all cases, moved downwards to its 
final position. 

When the cells were charged they were allowed a few minutes to 
reach a steady state and were then joined up in series, and various 
groups of 500 tested by the electrostatic voltmeter; in this, the 


Potential difference in volts. 


Pressure in millimetres of mercury. 
“Co d = 005 inch; c, d = 012; B, d = 021; a, d = 08; B, d = “042; 
4, d = inch, 


Fig. 6. 


smallest weight being used, one scale division read 50 volts, so that 
direct reading gave ten times the voltage of a single cell. This 
measurement was repeated at intervals during each experiment, and 
only those observations were preserved in which the cells either 
remained practically constant, or fell in potential difference so slowly 
and uniformly that accurate allowance could be made. 

The plates being now at a known distance and the air at a known 
pressure, regulated by the pump on the one hand and the stop-cock, 


K, on the other, the number of cells connected to the plates, always 


at first well under what was required to produce discharge, was 


gradually increased until the spark passed, and the potential 
difference was taken as being proportional to the number of cells, 
The observations were made fora series of pressures ranging from 
20 to 300 mm. of mercury. 


Electrostatic force, C.G.S. units. 


Pressure in millimetres of mereury. 
c, d = 005 inch; c} d = ‘012; B, d = °021; a, d = 03; B, d = “O42; 
A; d @ ‘082 inch, 
7. 


When the gers was first used, a fixed potential difference was 
given to the plates, and the pressure gradually lowered until a spark 
passed. When, however, it was found that, in certain circumstances, 
a diminution of pressure required an increase of potential difference, 
this method was abandoned, and that described above was adopted. 


Pressure in millimetres, 


Spark length sicnes. 
©, from part 1; x, from part 2. 
8.—PRESSURE AND SpaRK LENGTH ror Minimum P.D. 


Within the specified range of pressure a considerable number of 
observations were made in July and August, 1891, for spark-lengths 
corresponding to 2, 5, 10, 20, 40, 100, 200, and 400 divisions of the 
screw head. The mean results of these observations are given in the 
following tables. Each table represents the mean of at least three 
series of observations, taken at considerable intervals of time, and 
generally showing very close agreement with each other. 

From the observed potential difference the electrostatic force has 
been deduced, that is, the potential difference (in electrostatic units) 

r centimetre of spark-length. The electrostatic force is given in 
the third column of the following tables, the first column containing 
the air pressure in millimetres of mercury, and the second the poten- 
tial difference in volts, while d is the spark-length, as measured 
above. 

The tables are represented by the curves of figs. 2 and 3, fig. 2 
showing the connection between potential difference and pressure for 
various constant spark-lengths, and fig. 3 showing the connection 
between electrostatic force and pressure for the same spark-lengths. 
From these are deduced the curves in fig. 4, showing the relation 
between potential difference and spark-length for various constant 
pressures. 
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Curves A, fig. 2, and A, fig. 3. 
d = 0°0004 in. 


Potential | Electrostatic | 


Curves B, fig. 2, and B, fig. 3. 
d = 0001. 


Pressure, 
mm. of 
mercury. 


Potential 


Electrostatic 
difference, force, 

volts. C.G.S8. units, 
430 564 
396 528 
377 495 
361 474 
354 465 
347 456 
343 450 
339 445 
339 440 
334 438 
331 434 
332 435 
334 438 
338 444 
352 463 
376 495 


Curves C, fig. 2, and C, fig. 3. 
d = 0°002 in. 


Curves D, fig. 2, and D, fig. 3. 
d = 0°004 in. 


SSSSSESS 


Pressure, 
mm. of | 
mercury. 


SSSSssss 


Potential 
difference, 
volts, 


421 
383 


Electrostatic 
force, 
C.G.8. units, 


138 
126 
120 
116 
116 
118 
121 


Curves E, fig. 2, and E, fig. 3. 
d = 0°08 in. 


Curves F, fig. 2, and F, fig. 3. 
d = 0°02 in. 


SSSSssss 


mm. of 
mercury. 


Potential | Electrostatic | Pressure, Potential 
difference, 


volts. 


484 
510 


Electrostatfe 
force, 
C.G.5S. units. 


315 
335 


Electrostatic | Pressure 
| mm. of 
C.G.8. units. | mercury. 


16 
20 
30 
40 
50 
60 
65 
75 


Curve H, fig. 
d = 008 in 


Potential 


difference, orce, 
C.G.8, units, 


volts. 


Electrostatic 


These results, and the curves representing them, present two 
features, already mentioned, which call for remark. In the first 
place, the potential difference curves in fig. 2 exhibit minima at 
pressures which are relatively high. The following table gives the 
minima shown by the curves, as drawn in fig. 2:— 


| Minimum potential Pressure, 


Spark-length, | 

00004 326 240 | 
0°0010 330 150 | 
0:0020 333 110 
00040 354 55 | 
0:0080 370 


In every series of observations these minima were well marked, and 
for different series the pressures corresponding to the minimum 
potential difference for a given spark-length were always in close 
agreement. These minima are considered again below, in connection 
with the results of Part IT. 

In the second place, the potential difference curves in fig. 2 meet 
and pass above each other, or, which is the same thing, the curves 
in fig. 4, showing the relation between potential difference and spark- 
length for given pressures, also exhibit minima. This effect, though 
appearing consistently, was not very distinctly marked, but there 
were indications that it would be more apparent at lower pressures, 
and, therefore, it was thought advisable to submit it to more direct 
investigation. For this purpose new apparatus was fitted up, as 
described below. 


Part II. 


The a used is sketched in fig. 4. Two pairs of plates at 
different distances apart, but with same air pressure, were arranged 
in parallel, so that an alternative path was offered to the discharge. 
The two pairs of plates were enclosed in two small receivers. The 
lower plate in each rested on an insulating stand; the upper plate 
was supported and separated from the lower by small thin discs of 
ebonite, mica, or glass. The four plates used were plane, and the 
thickness of the separating discs, as measured by the screw callipers, 
is taken as the length of the spark. The receivers rested on well- 
ground brass base plates, into each of which were sealed two narrow 
glass tubes, containing mercury, and having sealed platinum wires 
passing to the outside ; flexible wires passed from the discharge plates 
and dipped into the mercury in the tubes. One of these tubes served 
also, in each case, to give connection with the pumps. Two pumps 
were used, the water pump for rapid exhaustion to about 30 or 40 mm. 
of mercury, the mercury pump for lower pressures. Pressures of from 
2 to 3 mm. of mercury were easily reached, and could be maintained 
for any length of time. 

The platinum wires, in connection with the plates, dipped into 
mercury cups in the paraffin blocks n, and N,; from these leads 
passed to the block m, where either one pair of plates, or both, could 
be connected to the leads passing to the cells. The cells were used 
in the same manner as before; the potential difference, however, 
instead of being reckoned as proportional to the number of cells 
applied, was measured directly by a cylinder quadrant electrometer. 
This was used in order to avoid a fresh examination into the 
uniformity of the cells. 

The apparatus was set up, and the observations tabulated were 
made, in April, 1882. These observations were confined to pres- 
sures lower than 50 mm. In each case the two pairs of plates 
had air-gaps of very different length, so that each series of observa- 
tions amounted to a determination of two separate potential difference 
and spark-length curves. The sparks were separately examined, 
un‘il pressures were reached at which the potential differences 
necessary for discharge became nearly equal, and then the two pairs 
of plates were simultancously connected tv the cells. The crossing 
of the putential differeuce curves was thus directly verified, a slight 
lowering of the pressure transferring the discharge from the shorter 
to the longer air-gap. 

The plates used in this experiment were, all four, plane and 
polished. Two were of brass, one of copper, and one of zinc. When 
the different plates were interchanged between the long spark-gap 
and the short, no difference was observed in the potential difference 
required for discharge at given difference and air-pressure. That 
there might be no doubt as to whether the discharge was passing 
actually b:tween the plates, or was taking a longer path from edge to 
edge, the edges of the plates were only very slightly rounded off. At 
low pressures there was considerable tendency toa brush discharge 
from the edges, but this was considerably reduced by an extremely 
thin coating of shellac varnish. 

The results given are those of three single series of observa- 
tions made on April 21, 22, and 23 respectively. All of these werc 
repeated on the same or other days, and in all cases there was almost 
exact agreement. For convenience of reference these series are 
called a, B, and Cc, the suffix 1 referring to the left-hand, and the 
suffix 2 to the right-hand, spark-gap. As in the former case, the 
tables give corresponding pressure, potential difference in volts (v), 
and electrostatic force in C.G.S. unite (ry). Curves, similar to those 
given in figs. 2 and 3, representing potential difference and pressure, 
and electrostatic force and pressure, are also given in figs. 6 and 7. 


— 
i mercury. | volts. C.G.S. units. a 
— | 
20 | 433 1,420 20 
30 398 1,310 32 
a 40 | 380 1,245 40 
50 370 1215 50 
— | 387 | 1170 || 60 
Ee 1 70 353 1,160 | 70 
80 349 s«1,145 80 
90 | 346 1,135 | 90 
100 343 1,125 100 
120 = 337 1,105 120 
140 332 1,090 | 140 
160 330 1,085 | 160 
a 180 329 1,080 | 180 
4s i 200 328 1,075 | 20 
ous 240 326 1,070 || 250 
— 280 327 1,072 300 
and 300 328 1,075 | | ‘ 
Pressure,/ Potential | Electrostatic 
mm. of | difference, force, | 
mercury. | volts. C.G.8. units, 
278 
| 373 244 
| 360 236 355 
| 952 | 231 
225 
aoe 340 | 223 369 
sae 336 | 220 380 125 
100 «334 100 390 128 | 
AGE. 120 334 218 120 416 136 
140 223 140 442 145 
ecnstenn® 160 348 228 160 470 154 
180 358 235 180 491 161 
200 374 245 200 515 169 
es 250 414 271 250 573 192 
a 300 456 300 230 626 205 
mercury. volts. | C.G.S. units, 
ee. 410 67 20 
| 375 61 4n 550 36:0 
63 50 580 38-0 
ee. | 402 66 60 617 40°5 | 
70 660 430 
| . 485 71 80 699 460 
| 461 74 100 778 51:0 
— 109 468 77 852 560 
120 «607 83 140 933 51:0 
140 89 160 1,000 65°5 
ase” 160 575 ot 200 1,138 740 
180 607 99 220 1,298 79° 
200 645 103 240 «1,272 835 
“ee 250 729 119 260 1,340 88-0 
300 802 132 280 1,416 92°5 
ona 300 1,490 97°5 
| 
mm.of difference, 
20 528 173 550 90 
30 589 193 635 10°4 
40 662 218 | 800 13:1 
50 731 240 950 15°6 
60 824 270 1,100 181 
70 £96 @5 1255 | 235 
80 «970 318 1,326 21°7 
90 1,046 342 1464 
100 37 2 | 
1 | & 414 
190 | 1,396 43°5 | | 
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A. 


A,, fig. 6, and A,, fig. 7. 
d = 0°082 in. 


A,, fig. 6, and A,, fig. 7. 
d = 0°03 in. 


Pressure, | 
mm.of 
mercury. Vi; F,, F,, 
volts. | C.G.8. units. volts. C.G.S. units. 
50°0 611 26°7 983 15°7 


B. 
Curves B , fig. 6, and B,, fig. 7. | Curves B,, tig. 6, and B,, tig. 7. 
d = 0°042 in. | d = 0°021 in. 
Pressure, | 
mm. of = 
mereury. F,, Vy, F., 
volts. C.G.S. units. | volts. C.G.S. units. 
50 726 227 | 535 33°4 
37 626 19°6 488 30°5 
27 554 173 446 27°8 
20 513 1671 419 26°1 
15 469 14-7 | 405 25°1 
10 458 143 | 407 25°4 
5 478 149 | 670 419 
C. 
Curves C,, fig. 6, and C,, fig. 7. Curves C,,, fig. 6, and C.,, fig. 7. 
C, d = 0°012 in. C,, d = 0°005 in. 
Pressu'c, 
mm, of 


mercury. Vv 


F,, 
C.G.8. units. C.G.S8. units. 


; 49°6 397 104 
36 0 422 462 402 105 
26-0 397 43°5 | 408 107 
195 389 42°6 414 109 
100 420 460 467 122 

6-0 552 60°6 660, 173 


It ought to be mentioned that the values here given for the spark- 
length, d, can only be regarded as approximations, as the pressure 
applied in measuring the thickness of the separating discs by the 
screw calliper might be very different from that due to the weight of 
the supported plate, especially in those cases in which several thick- 
nesses of mica or ebonite were used. The essential point of this part 
of the investigation, however, was not the accurate determination of 
spark-length, but the direct comparison of discharge across two spark- 
gaps known to be of very different length. 

The following table, similar to that given on p. 166, gives corre- 
sponding values for minimum potential difference, spark-length, and 
pressure, as deduced from the curves of fig. 6 :— 


Spark-length, Minimum potential Pressure mm. 
inches, difference, volts. of mercury. 


0012 390 19 
0-021 400 12 
0°039 428 10 
0 042 458 9 
475 7 


The curve given in fig. 8 represents corresponding values of air 
pressure and spark-length for minimum potential difference. The 
points marked on this curve by a dot are taken from the results of 
Part I., those marked by a cross from the results of Part II. The 
long straight portions of the curve cannot be regarded as quite 
accurate, for the following reasons :—That portion which lies close to 
the vertical (pressure) axis refers to the extremely short spark-lengths 
of Part I., in measuring which an error in the screw-reading or in the 
zero adjustment might be a considerable fraction of the whole 
distance, and that portion which lies close to the horizontal (or spark- 
length) axis refers to the low pressures of Part II., in measuring which 
a small error might again make considerable difference. These 
be noticed that the more curved portion of the 

urve isa y close approximation to a rectangular hyperbola, as 
may be seen from the fu table :— 


Pressure, Spark-length, 
mm. of thousandths of an Product. 
mercury. inch. 
60 228 
50 
40 
30 
20 
10 


The portions of the curve more distant from the origin show con- 
siderable divergence from the hyperbola, though perhaps, as has been 
pointed out, not more than might be due to errors of observation. 

The appearance of the spark discharge changed with the pressure 
in the usual manner. At ordinary pressures the discharge was a 
bright white spark, gradually passing, as the pressure was lowered, 
into a purplish glow. In the case of the flat and convex discs of 
Part I.,the purple discharge, at first central and narrow, gradually 
spread out, and at low pressures filled the space between the plates. 
The appearance of the spark could not, however, be carefully ex- 
amined, as the circuit was always broken as soon as discharge 
occurred, in order to avoid damage to the surfaces of the plates. When 
these were examined by breathing on them after a number of sparks 
had passed at low pressures, it was always found that the part of the 
surfaces most affected by the discharge was an annulus at some little 
distance from the centre. With the flat plates used in Part II., the 
discharge was generally diffused over the space between the plates. 

Observations of spark discharge between plates in air at different 
pressures have been made by Warren de la Rue and H. Muller* and 
by Macfarlane.{ Their results do not present the features to which 
attention has been called in the present paper, nor could they do so, 
as the curves for potential difference and pressure for the spark- 
lengths they examined would show no evidence of a minimum 
potential difference at the lowest pressures they considered. In both 
cases the spark-length was about 0°13 inch, and the lowest pressure 
20 mm. of mercury. 

In conclusion, I have toexpress my thanks to Professor J..J. Thomson, 
to whom I have been indebted for advice and suggestions at every 
point of this investigation. 


NEW PATENTS 1893. 


16,3354. “Improvements in induction coils.” E. M. Harrison. 
Dated July 29th. (Complete.) [Date claimed under Patents Rule 19, 
September 13th, 1892.] 

16,3358. “Improvements in magneto-electric generators.” E. M. 
Harrison. Dated July 29th. (Complete.) [Date claimed under 
Patents Rule 19, September 13th, 1892.] 

16,335c. ‘Improvements in electric bells.” E. M. Harrison. 
Dated July 29th. (Complete.) [Date claimed under Patents Rule 19, 
September 13th, 1892.] 

14,233. “An improved method of transmitting electrical calls or 
signals.” T.J.GoucH. Dated July 24th. . 

14,245. “Improvements in furnaces for the destruction of town 
refuse.” W.Horsratu. Dated July 24th. (Complete.) 

14,258. ‘ An improved electricity meter for registering the amount 
of current consumed on direct or alternating circuits.’ F. J. 
Bravuwont and F. Hattows. Dated July 24th. 

14,259. “Improvements in dynamo-electric machines.” W. 
Lowgiz. Dated July 24th. 

14,271. “Improvements in the method of distributing electricity 
through sub-stations, and in apparatus for that purpose.” C. BERTRAM 
and W. J. Hopz-Jounstonge. Dated July 24th. 

14,298. “Improvements in the production of filaments for incan- 
descent electric lamps.” H.K.Tompxins. Dated July 25th. 

14,315. “ Improvements in galvanic elements.” C.W. A. HERTEL. 
Dated July 25th. (Complete.) 

14,348. “Improvements in junction boxes.” E. J. MoEvoy. 
Dated July 25th. (Complete.) 

14,422. “Improvements in apparatus for covering electric cables 
or conductors.” J.B. ATHERTON. Dated July 26th. 

14,469. “ Improvements in electric arc lamps.” A. W. RicHarp- 
son. Dated July 27th. 

14,472. “A self-closing safety switch for use with shop door bell 
circuits, &c.” J. BarksHinE and E. Wricut. Dated July 27th. 

14,474. “Improvements in the arrangement of telephone circuits 
and in apparatus therefor.” Sir C. S. Forszs, Bart. Dated 
July 27th. 

14,481. ‘“ Improvements in ammeters and voltmeters.” E. F. Moy 
and F. Tzaaure. Dated July 27th. 

14,485. “Improvements in multiple point switches suitable for use 
in electric lighting.” F.H. H. Naupmr, C. W.S. CRawLEy 
and A. Soamgs. Dated July 27th. (Complete.) 


* Phil. Trans., Vol. 171, pp. 75—82, 1880. 
+ Trans. Roy. Soc., Edinb., Vol. 28, p. 642, 1878. 
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14,486. ‘“ Improvements in electrically working armoured turrets, 

guns, and other apparatus, and in apparatus suitable for these pur- 

s.” §. Pirr. (Communicated by Messis. Sautter, Harlé & Cie., 
France.) Dated July 27th. (Complete.) 

14,489. “ Improvements in or connected with turnstiles and elec- 
tric counters connected therewith.” R. Da’ 
July 27th. (Complete.) 

14,492. “Improvements in or in connection with electric conduc- 
tors.” G. G. M. HarpineHam. (Communicated by the firm of 
Felten & Guilleaume, Germany.) Dated July 27th. 

14,498. ‘“ Improvements in dynamo-electric generators and motors.” 
J. B. Furneaux and G. W. Monsy. Dated July 27th. 

14,505. “A process and apparatus for obtaining pure metallic 
manganese by electrolysis.” L. VorrmEer. Dated July 28th. 

14,516. ‘“ Improvements in and connected with electric furnaces.” 
A. F. W. Kreinsen. Dated July 28th. (Complete.) 

14,525. “An improvement in relation to the covers for casings 
carrying electric light conductors.” H.C. Dated July 28th, 

14,533. ‘Improvements in supplying electrical energy to motor 
vehicles on electric railways, and to electro-motors on vessels by 
means of alternative current transformers.” SremEns Bros. & Co., 
LimitEp. (Communicated by Siemens & Halske,Germany.) Dated 
July 28th. 

14,534. ‘A cathode for electrolysis.” H.C. F. Stormer. Dated 
July 28th. 

14,556. “Improvements in apparatus for raising and lowering 
bodies applicable, for instance, to electric and other lamps and rail- 
way carriage and other blinds, and to hoisting gear.” KR. T. Preston 
and Dated July 28th. 

14,562. “Improvements in alternate current dynamos and syn- 
chronising motors.” H.W. RavensHaw and L. B. Arxinson. Dated 
July 28th. 

14,628. “ Improvements in or connected with cells or batteries for 
use in electrolysis.” F. Hunter. Dated July 29th. 


ABSTRACTS 
OF PUBLISHED SPECIFICATIONS, 1892. 


1,737. “ Improvements in electric clock mechanism.” A.J. Bouxt. 
(A communication from F. A. Ellis, of Toronto.) Dated January 
28th. Consists essentially of mechanism arranged in connection with 
the hands of a clock, and actuated by gravitation and the making and 
breaking of an electric circuit, the said making and breaking being 
effected by the escape wheel or other suitable operating part of a 
standard clock. 3 claims. 


3,654. “ Improvéments in electric burglar alarms.” E. 
Dated February 25th. The alarm is given by the apparatus upon 
the breaking or movement of a thread or cord which has been drawn 
across or connected with the door, window, or other part sought to be 
pemaeet, the thread or cord being preferably hidden when possible. 
2 claims. 


3,869.. “An improved electrical push-button for signalling cir- 
cuits.”. J. M. Exxior. Dated February 27th. Relates to an 
improved method by which a way or channel is provided in the 
push, for the passage of an electrical conductor or conductors from 
the interior to the exterior of the push-button. 5 claims. 


3,875. “Improvements in and relating to electric motors.” C. 
CorrPrgeR. Dated February 27th. Consists in arranging between the 
pole pieces and the fixed iron armature core or (when the latter does 
uot exist), between the pole pieces of the magnet, a rotating drum, 
1ing, or disc armature, which is made of subdivided magnetic material 
connected to the wires or conductors conveying the electric current 
fur the purpose of forming a magnetic bridge of the smallest possible 
resistance between the magnetic poles or between the magnet and the 
said iron armature core, and of allowing a steady arrangement of the 
current-conveying coils. 2 claims. 


7,509. “Improvements in alternating current electro-magnetic 
motors and methods of operating the same, applicable also to alter- 
nating current circuits generally.” H. H. Lake. (Communicated 
from abroad by W. Stanley, Jun. and J. F. Kelly, both of America). 
Dated April 20th. Consists in the combination with an alternating 
current motor, of aseries of conducting plates arranged in couples and 
immersed in an electrolyte by which they are not chemically attacked, 
aud included in the circuit of the field or armature or both, the 
number and size of the plates being adjusted with reference to the 
current which is passed through them so as to serve as a polarising 
cell, which without decomposition of the electrolyte, will overcome 
or neutralise the electromotive force of the self-induction in the 
circuit in which it is included. 7 claims. 


9,343. “Improvements in electric connectors for current con- 
verters.” G. D. Burton. Dated May 17th. The object of this 
invention is to secure adjustability of the connectors on the electric 
converter, whereby the conductors leading therefrom may be shifted 
in position as desired to accommodate the work. 3 claims. 


9,356. “Improvements in apparatus for distributing electric cur- 
rents for heating purposes.” G.D. Burton. Dated May 17th. 
Each converter consists of an annular core composed of different 
lengths of uninsulated or partially insulated wire, said lengths being 
arranged side by side and breaking joints at various intervals in the 
core, primary cirenit coils composed of comparatively fine wire and 
surrounding the said core at intervals, secondary coils composed of 


sheets or plates of copper surrounding said core between the primary 
coils and insulated therefrom, two exterior copper rings disposed 
around the structure, the positive terminals of all the secondary coils 
being connected to one of said rings, and the negative terminals of 
said secondary coils being all connected to the other of said rings, 
said rings thus corstituting the positive and negative terminals of 
the converter as described. The primary coils are arranged 
in pairs, the coils of each pair being in series with each other, and 
in parallel with every pair. The secondary coils are connected to 
the rings in parallel or multiple arc. 4 claims. 


9,362. ‘Improvements in and relating to electric metal working 
apparatus.” G.D. Burton. Dated May 17th. The object of this 
invention is to produce metal forgings of superior quality in an 
economical manner, and especially to produce twisted metal bars, by 
the aid of electricity, for stair rods, fence pickets, and ornamental 
metal work in general. 3 claims. 


9,365. “Improvements in and relating to electric motors and 
dynamo-electric machines.” R. Lunperi and E. H. Jounson. 
Dated May 17th. Has for its objects: First, the construction of an 
electric motor in such manner as to conceal all the operative parts 
thereof. Second, the arrangement of all of the parts thereof in the 
most compact and symmetrical manner, and, Third, to afford a 
simple, cheap, and efficient manner of accurately centreing the arma- 
ture between the field poles and in its journal bearings. 16 claims. 


9,891. ‘Improvements in electric meters.” A. G. McKenna and 
H. T. WEEp. ted May 24th. Embodies an electrolytically-acting 
meter, comprising an electrolytic cell containing a suitable mercurial 
salt, through which the whole or a part of the current passes, and 

rovided with a suitable receptacle in which the metallic mercury 

iberated at the cathode is collected and in which its quantity can be 
measured and the indication of the meter thus obtained. 9 claims. 

10,715. “Improvements in conductors for the distribution of 
electrical energy.” C. E. Jackson. Dated June 7th. A metallic 
conducting wire is covered with one or more layers of insulation 
about which are wound spirally, two preferably flat conducting strips, 
one of which is wound over and to cover the spaces between the 
spiral turns of the other strip, the whole being preferably covered 
with an insulating substance. 1 claim. 

10,850. “ rovements in primary voltaic batteries.” H. Wxy- 
MERScH. Dated June 8th. Claim: For supporting and connecting 
the elements of a primary voltaic battery, a board with notches 
through which the elements can be passed, and with recesses 
containing mercury in which hooks attached to the elements are 
immersed, substantially as described. 

10,870. “Improvements in electrical measuring instruments.” H. 
H. Laxs. (Communicated from abroad by E. Weston, of America). 
Dated June 8th. Relates to that class of electrical measuring 
instruments in which a coil, supported and vibrating in a field of 
force, is caused, by the passage of a current through it, to move over 
to an angular distance depending upon difference of potential between 
the instrument terminals. 4 claims. 

11,147. “Improvements in secondary or storage batteries.” H. H. 
Luoxyp. Dated June 14th. Comprises a perforated conducting sup- 
port of peculiar construction, having pieces of active material or 
material to become active, as cast chloride of lead with or without an 
admixture of chloride of zinc, supported in the perforations thereof. 
5 claims. 

11,154. “Improvements in the method of welding metals elec- 
trically.” W. P. THompson. (A communication by C. L. Coffin, of 
America.) Dated June 14th. Claims :—1. The described method of 
welding a continuous piece of metal by electricity, consisting in 
bringing together the edges to be welded, connecting the material on 
each side of the joint with the poles of a generator of electricity, 
passing an electric current through the material to be welded, inter- 
posing magnetic resistance to the direct’ passage of the current 

‘through the material without traversing the joint, and finally pressing 
the edges together to form the weld. 2. The described method in 
the operation of welding metals electrically, consisting in registing 
the passage of the current through the material in any other path 
than that of the proposed weld, by subjecting any shorter path to 
magnetic influence. 

11,316. “Improvements in or connected with electric alarums.’ 
G. W. van VianENn. Dated June 16th. According to the invention 
the whole apparatus is set in motion by a clock which is provided 
with a specially constructed contact mechanism for the purpose, 
and in each room is placed a plug contact apparatus provided with 
a bell which serves as an alarum. Conducting wires connect the 
clock apparatus and alarm apparatus. 3 claims. 

11,424. “Improvements in automatic telephone and other electric 
exchanges.” G.C.Dymonp. (A communication by A. B. Strowger, 
of Chicago.) Dated June 18th. The particular object is to provide 
means whereby a person at one station may make connection with 
any other station in the system by the aid of electrical appliances, 
without the assistance of an operator at the central station, and a 
further object is to provide means for the purpose of a very reliable 
nature so as to pt this system of exchange to general use. 
28 claims. 

12,057. “Improvements in printing telegraphs.” §S. LinvILxez. 
Dated June 28th. Comprises a telegraph line, a series of receiving 
instruments provided respectively with type-wheel shafts adapted to 
include electrical devices responding to abnormal currents and 
adapted to operate individualising cut-out mechanism and one or 
more transmitting instruments provided with apparatus for elec- 
trically controlling the type-wheels and transmitting abnormal 
currents to actuate the electric devices and individualising cut-out 
mechanism of the receivers, to include thereby the desired receiving 
instrument or instrumeuts in line. 34 claims. 
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